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Fig. 2A
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Figure 3
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Figure 4
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Fig. 6A
Normal Diet 0.1 MCD Diet 0.1 MCD Diet plus ARAMCHOL

- . . L e a e, e g . p e e e e T T Xk o m b S ) P TaTy
e e s ey s T
s 1."'1."..:. ...“'..""...:,"'., "%I'! T, ll‘::- l': T 2 TeTrTe T, T e T e, Tl in T, :.-! = T T A T :A_:_'_-r_:F-r",r-r:_"-_}-'r_r‘r T S ¥ x o a » L
"‘ . "' ' LJ " "' LJ . "' L '-" ‘: " b ". '* - L g ey 'lt x T“' . "'q' .." .." " - .:'l "..1' " = " " L 3 "y L
R R Ao R T e e a
"' o .- " L) ' L L " r ] b | ;] T T - 'fr *'r . L K 1%
o ons b s :1'&%{:1 RS
u . T u "" Mot & " '~ H"&‘l "h. .'I" '\l-l.l “ .. T g ﬂ 1{ ! ﬁ":"
"-:ll": :ﬁv_q_ IIIITI}.T‘ ) ] o Y
aTy r ke '1‘-_:7 ok o -l;':.t {".'t ¥ £ g
S ;-._as}%.,.;.;:i?ﬁ%#a 2 .3'*.&,535:555-::{"':«
‘f"‘f""‘f‘" " "' r%‘. q".‘. L X | i“‘l‘*"““f‘* "5‘{‘: ﬁ ﬁ‘ ‘1"" {
"“-" Ty, ! ‘.' i % £ X 2" x i "I"“‘*' o """. 'I'T
"::‘:‘.'::-"-'— » '-..i.'.h\.-ll T W T - S ,5 &ﬁ' e A
L L ‘:"' LJ B L 1 h, 'ﬂ ‘._ - h x Tl&h L3
RaRas 53 SR
s 1 ' TR 3 x'r E:
‘.:":"' "" '- ﬁ:*" Tﬂtﬁﬂ' 1 "" "ﬁ"
__-"":;:::: i oy KT '-t:::_-’t 1 E

L 4
""""-‘H" -ﬁ- L4 x L 3 '1
oy el AT
Ry g* = S
L ‘J‘!‘l L T'Il L 4 ‘!'
it M i
fI.!!“'!-!-F-I'! !!I:! ik
R R AR e
T T e ¥ s
l"" '{E -‘:-:. "' !::‘-! LJ t‘ -!r o L ] “! ¥ L l"l'r T'I‘I i .ﬁﬂ.
e o ]
R e e e S e
L] £ r 'r !_ L !'i L] t_! L {_ l'_ -
"IIIE::EI|I L ‘E::-:ﬂt:: ‘::'-:1:' :'ﬁq*r:!:% w lr':_:} t‘:!._

w L M TalaTm .,': " e L
SRRRRRRANE R
' ::‘-'-':‘v I*.‘:_' '1;:::‘U'$: "!:E:":' :ll'q: u

¢ ]
<

*
]

n
R

L ]
e

£

L

Y
Y
]

v

L
'I:'I' L |
5%
4 4
i
%
it
" il
T
b e
3
e
]
_‘_-l-"' -
=
X
7y
3T A
Y

L ti:*! i
.ol iy = L] L]
: e s e
u h
Wy
Ty mr " o L]
Ty LT !q!“.‘*t:* ;E':*ﬁ. -
LGN T o L L e
Dbl *_':;'55{_ ot SRSV e
. - nnomr .
M iy "t_t o ::'-“:"- :-r'-;-:r'_'r:-"t::‘:"t_ N *t*:::*‘ 5 r"'é
ATkt wat AT "!:::!‘_t‘ P Bl i KR T
r t"ll o oy ‘_1'

SRR
L]
L L
TaTYy _:'.ll_ » !
AT e L Ty L A X A e M
R R R K ":":"""l::E'.I‘E:E::::-':’::E::':'%:.::':"':E*}:::::'-*"' y
A D LRl
. o, T Frt- Tl - *-* "= '-*.*r - T *l'*i‘ 1, = *ﬁ - +
g T Ty A e -%t e A e
Y e A o

P
DA

Fig. 6B

- ! T [
by : I‘:‘ ] :"':'-"1-':- : :- l.-':':"': : :'
DR T L Y
B e e e

gk, R s i)
ol e T e

L e .
LEREE L LAy gy -
Lt e e e i )

A “5(‘

A e S K
R S e o e

-2y g F o ey

-
R Lot

T T n RN e e T

PRI sl e e e N

Rl ST T

. n."..n."'.. P e L T

Sk e ey -

- L e e
MR A

A EE LA L EEEE R T
P L I T T Y

" T o ¥ S
P a4
"-f'l: P e e
1‘:‘ I'.I:I‘I 'l‘: - I‘: LS
LB ] ] L ]
- L} -‘F: : - -":‘F '.‘:""i': :":"-""
b - . =g - A4 r
e A 'I-"l‘:I-'.I:' %I-It
PR I T A . L] Ll
DRl S N N N T wly e Ty
B or b d e g - - AL M AL MM
ST ke | -!-+-F ‘.1‘-..‘-_;._-._ i -i:I.-I' -!" . L] !‘I'-! L] L] "l-__
DR R e T ) o ey
L T Sty =
P N R e e l‘!‘l: ]
- Lot W DRl i Wl S ey L] r
. - e . L -
' e N .- N el Faiel il




U.S. Patent

Fig. 7A

Fig. 7B

A

:‘,I‘:-?h‘l"qh'-il ul
)

el

sy

R
L

222

L]

-
'a"u'a ':"'
.

. 'l'l.l

ey bw
R

L 4 4

'I"I I:’:‘I‘

L]

2 i e gl .
o

Dec. 14, 2021 Sheet 8 of 11

Normal Diet 0. 1MCD Diet

-
'.' ."' L] L] " L]

L
- -F":'
-

|| I{.I-.'f-
I- - - 1

-II-IIII.'I-

] “-I

:F‘ﬁl

o

"

", L
T _':$ﬁ;.
L ] - "'-!""
o S
L

ot Ll o
-

-

-
[

L
'i"."i L
.-F‘:-‘F" *, "'
L

W
u
u

- L N
L = L]
f"f':% -F':"F‘

2" : a
e :_,.:’:

|| I.'I-

.1;-:.'. 5

Fig. 7C

L]
-

L]
L]

4
-
1'1'.'1:1 24"
L

= L
. e - *
at -F:-F:‘F - " .
- - "-F"F -
at -F""F
L
ol
=,
L

CD64 (RU)

w0 A
¥
P
2

L]
L]
- .'i"i -

'i.'i'l'i'i'i

- ...‘..‘..‘.. -

L]
44 44

L L N B NN
A g
L L B
rrors

-

F4/80 (RU)

US 11,197,870 B2

0.1MCD Diet plus ARAMUCHOL

R IE L L
- -

}-‘q‘q‘ .'..' W

LT ll‘ :I:I

"...‘.: "

4
-

-

L)
e e

4 ohh ol hchE

=

R
e

I'
- - -'"
I' r I'f f“' .f
S
L -
o —.3“:!-. AT




US 11,197,870 B2

Sheet 9 of 11

Dec. 14, 2021

U.S. Patent

0.1MCD Diet pglus ARAMCHOL™

O0.1MCD Diet

Normal Diet

Fig. 8A

S e

s

II L} F ¥
R et S
. L | 1 | N - L .-.l . * 1 . - l-i
Py it o

»
.

o

R

A
e

”.J.”-.- |

.frJ-.Il. | 3

By

o

o,
- "..:... T
: %‘-._ S
T e S

L

. ¥
o a e
.-.l | J ' ‘- J.l‘-.l L}
SRt S
p l.‘l.-.l.‘l‘-.‘a L.—J ll |J. J.l l‘-. - -
Sy o
et ) ] \ S oY Nk -
e e e
2 r | 1 - L J 'f
‘ll.-. ) ‘- " , ‘-.J
Foee e
-“". J.l-.-.-.a J-. J.J--.l-. ‘-.”J. “J.J.
" a L] L

.....H........; ..”.._.. L, : "__““.
'&”Wﬁl‘"“’%‘"ﬂl‘”‘l””l‘ I”J.-.m ll‘” " e IIWI

- ...._"w%&m e e i
.I.l%l‘l"‘. .J.'I" J.I l“l& -.-. . J.I '-.
e .*mﬁ...h e
e
S

L L J

I“.I""“"‘I ‘l"

P
.-.:.".""..". . e
L] L] L] | 3 L] L 3 I-. L] L ]

e i S i .."m."..ww”...”"”"”%”..""..,x" 2
L] L] L ] L ] [ | L} LN ) [N . -k EFE*EFEFE [ |
I-. J.-. I“"I"I-. .”M J.-.-.J.-. . L ] J.l". J.-.I-.I-.l"'-.-.. o J.-.J. -.-.-.-.I-.-. ‘-.J.I
il L] L] L] L] I-. J.I‘-. Lol L o L 3 I‘-. =k L] J.I-.I-. .
h Y | "-. B ll‘""‘”"‘""ﬂ.f.”“"""‘f‘-. -.-. “ J.J.-. -.-..
I"-.-.- [ I-. -_I-. Lol ol ol 1-. [ 3 __....-_
1”-.-.-.v N M""i..-. i #"l“-"%m"“!&"”-r"”-_ S, r““‘!v _.."-.-.__.W-.v-.-._.. _.._..-__..1"-.-.-.-.-.”-.-.1-. -."-_-._..I-..
L J L ] L ] LJ. L J L J L ] F F ‘"-.-.‘"-.J. ; ai. M‘ ‘-. ”%- -.-.J.J. -.J.I-.-. L J ‘
S u...w".u..f SR .%Eﬁ@ﬁﬁx SR
‘"‘-. L ] -.J.I-. ‘.“‘“" L J ‘-. -.-. %‘"‘f ‘"-. -.J.J.l. L J Il.a.l. L J J.-.-. L J '""' J.-.I"-.. “"“""‘f-. I-.J. "y -.J.J.-.J.-. I.
Sl e LR e B A i X
I“-.-. I'I"Iﬁ'l.l.l.l‘""‘”‘"l‘"-.f"'f I‘I"“WI‘""I..I-.J. J.I‘-.fﬂ-. | el L I-.-.I-.f-.f I-.....A

L J L J L J L L [ ) =k FEFE L ] [ L ] [ L ] L . [ L ) L J L N [ )
R O I S

| | ] L -.-.-.I-. I-.I‘-.J.J.I-.-. -.l.-.l.-.fI-.I-.-. L L L | ] -.J.l-.f-.f-..-.f l.-.J-.I-.“-.I"-. L
R
Wm“...""u"" e "u”n"n.”h””"m”.uw.m””w”.””.”.”""".uu”ﬂ e ]
-. L L J.-.J. L I-.J.-.J.-. | I‘”ﬂ"‘.”‘ l-.-.fa.f-.l-.-. J.I-."-.I‘I I.I-. l.-.-.-. J.-.J.-.-."‘"-. "
I-.-.-. -.-.-. " J.-. N I-. o J.-.J. .J.J.-. L ] l.-.f-. J.J.-.. J.J. = I.-.l. l.-.ﬁ-. J.-. -.-.J. I‘I-. L
o At 8 At N X7 R K AL A, X% o

Fig. 8B

L

-:-i'

L
W]
]

¥
-.J.-.J.-.f-.-. J.-.J.
r FEE | ]
L L % L
| 3 | ]

L L L, J.-.J.J.-.-.f

-.-.-.J.J.f-.ffff-.ff
J.”J.-.-.f-."-." ”
LNl LN L LN
fff"fff-. J."J.

-.J.-.-.J.f-.-.-.f
r

T
T

"'-'

L J.-.J.J. L -.-.'-.
L A A
* Bk L L
-.-.J. -.-.J.-.-. L J.-.-.-.J. *
J.”J. "-. J.J.-.J. -.-.-.

* v
Ll

I'

L
L

L
L
L
-y
L
L
L
L
L
L

L L
L

"'-'
L L )

"" L]

| 3
| 3 Y L
A

J--. N "J ”-. ¥ -."-.-.-."- ¥ -.-.
e o et
*
.-".".F."-..F-.”H"".."..n""".”... ..."n”-..."”

-.I-. L | 3 L

i P LA
T e

¥ | L N LN LN L

* % ‘-. * f‘-.
RSaeRadnontaRonarnay

L L
L
L

L
L
L
L
-
L
L

"' L
"'

L L )
L

L L

L

L -

L
L

L
L

'ﬂ' oW
"
Tl

-1 -1.
"l wlall
o y".
L Tty

L k-
J-.Jl.l -.J-l
e il
J-J.J-.J- LA | J.J.J
* % L |

LM -
¥ - w1

% | )

o 0
1 M
JJ-JII JLJ.J
algle L]
IJJJIJ JJ.JJ.JI
LI 4 L )

IJ.JJIJ L] J-JJ-J.JI

s Ty
o AN
T S
by LA

r . .31,
L] LIy

A
..-.Ia.a.f-.f-.f-.-.a.f-.f-.f-. J.J.-.-.J.f-.f
| L L L L ]
|-.a.-.-.I-.-.-.-.I-.-.-.-.
L |l L L |
hEF J.-.-.-.-.I-.a.-.a.
L L L | ]
a.-.-.I-.-.-.-.a.-.I-.-.a.

L] Lol L L L L L, ]
tEEEFEEEFEEREEREERY T

L] Ll L L L ]
L L o o e L

L RSN
[ L L

1 ff!l-.fffa.ff-..
EE EEEFEFEFEEE

-k | g L ]

[ -.I-. EEE [

Ll L L 1
EEEFEFEEFEEER [

L] L L L L 1
tEEEFEYEEEREEE

L] LS | g L % kA
[ #-.-.I-.-.-.-.-.

L] kYR L |
ErEFEE EEEFEFE

L] Lo L L L L L L ]
EEEFYEFEEEREEEYE

* Ll L L L L L L L L L, ]
.f-.-.-.-.a.-.-.-.-.a.-.-.-.
-.J.I-.-.f-.-.-.ff-.-.a
L FEEFEEFEEFEEFEEREY YR
Lo L I-.-.-. [ 1
L L L |
a.a.a.I-. a.-.a.I-.-.-. -.a.-.a. -.I”-."-..
L e

(M) peY snuig



. Patent Dec. 14, 2021 Sheet 10 of 11 S 11.197.870 B2

Figure 9
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1
TREATMENT FOR HEPATIC FIBROSIS

This application claims the benefit of U.S. Provisional
Application No. 62/475,129, filed Mar. 22, 2017, U.S.
Provisional Application No. 62/420,017, filed Nov. 10,
2016, and U.S. Provisional Application No. 62/420,009,
filed Nov. 10, 2016, the contents of each of which are hereby
incorporated by reference.

Throughout this application various publications are ref-
erenced. The disclosures of these publications 1n their entire-
ties are hereby incorporated by reference into this applica-
tion 1n order to more fully describe the state of the art to
which this invention pertains.

BACKGROUND OF THE INVENTION

Fibrosis

The formation of fibrous connective tissue 1s part of the
normal healing process following tissue damage due to
ijury or inflammation. During this process, activated
immune cells icluding macrophages stimulate the prolit-
eration and activation of fibroblasts, which m turn deposit
connective tissue. However, abnormal or excessive produc-
tion of connective tissue may lead to accumulation of fibrous
material such that 1t interferes with the normal function of
the tissue. Fibrotic growth can proliferate and invade healthy
surrounding tissue, even after the original injury heals. Such
abnormal formation of excessive connective tissue, occur-
ring in a reparative or reactive process, 1s referred to as
{ibrosis.

Fibrosis of the liver, also referred to herein as hepatic
fibrosis, may be caused by various types ol chronic liver
injury, especially if an inflammatory component 1s imnvolved.
Self-limited, acute liver injury (e.g., acute viral hepatitis A),
even when fulminant, does not necessarily distort the scat-
folding architecture and hence does not typically cause
fibrosis, despite loss of hepatocytes. However, factors such
as chronic alcoholism, malnutrition, hemochromatosis, and
exposure to poisons, toxins or drugs, may lead to chronic
liver injury and hepatic fibrosis due to exposure to hepato-
toxic chemical substances. Hepatic scarring, caused by
surgery or other forms of injury associated with mechanical
biliary obstruction, may also result 1n liver fibrosis.

Fibrosis 1tself 1s not necessarily symptomatic, however it
can lead to the development of portal hypertension, 1n which
scarring distorts blood flow through the liver, or cirrhosis, 1n
which scarring results in disruption of normal hepatic archi-
tecture and hiver dysfunction. The extent of each of these
pathologies determines the clinical manifestation of hepato-
fibrotic disorders. For example, congenital hepatic fibrosis
allects portal vein branches, largely sparing the parenchyma.
The result 1s portal hypertension with sparing of hepatocel-
lular function.

Treatment

In 1ts 1mitial stages, hepatic fibrosis may regress i the
cause 1s reversible (e.g. with viral clearance). Thus, the
majority of available treatment options are designed to
remove the basis of the liver injury, such as by eliminating
hepatitis B virus or hepatitis C virus in chronic viral hepa-
titis, abstaining from alcohol 1n alcoholic liver disease,
removing heavy metals such as iron 1n hemochromatosis or
copper 1n Wilson disease, and decompressing bile ducts 1n
biliary obstruction.

Treatments aimed at reversing the fibrosis are usually too
toxic for long-term use (e.g. corticosteroids, penicillamine)
or have no proven eflicacy (e.g. colchicine). Silymarin,
present 1n milk thistle, 1s a popular alternative medicine used
to treat hepatic fibrosis, appears to be safe but to lack
ellicacy.
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2

Potential Therapeutic Agents

Attempts to develop specific anti-fibrotic agents for the
treatment of liver diseases have been reported. For example,
U.S. Pat. No. 8,729,046 relates to methods for treating
fibrosis of a tissue, icluding fibrosis of the liver, using
combinations of nucleic acids or nucleic acid analogs.
Specifically, the nucleic acids or analogs thereof are targeted

to microRNAs of the miR23b cluster. U.S. Pat. No. 6,562,

829 discloses compositions for treating hepatic fibrosis and
methods of using and manufacturing the composition, the
composition comprising a quinazolinone derivative, prefer-
ably Halofuginone. U.S. Pat. No. 8,858,954 1s directed to
pharmaceutical composition for preventing and treating
liver fibrosis or nonalcoholic fatty liver disease, comprising
50 to 90% by weight of Cordyceps sinensis mycelium
powder, and 10 to 50% by weight of condensed astragalus
powder.

U.S. Pub. No. 2015/359805 relates to Farnesoid X recep-
tor (FXR) modulators which can be used for the treatment of
cholestatic disorders, i1n particular to bile acid derivatives
wherein the C6 contains an ethyl and the C24 carboxy group
1s transformed into a sulphate group. Among the disorders
suggested to be treated are alcoholic liver disease, living
donor transplant liver regeneration, congenital hepatic fibro-
s1s, choledocholithiasis, and granulomatous liver disease.
U.S. 2014/187633 1s directed to methods of treating and/or
preventing non-alcoholic seatohepatitis (NASH) and/or pri-
mary biliary cirrhosis comprising administering to a subject
in need thereof a pharmaceutical composition comprising
eicosapentacnoic acid or a derivative thereol. The FXR
agonist, obeticholic acid, which 1s a modified bile acid, 1s 1n
phase III clinical trials for primary biliary cirrhosis. Use of
this drug has been reported to be commonly associated with
side effects such as pruritus.

Ursodeoxycholic acid (UDCA, Ursodiol) 1s the most
frequently used treatment for primary biliary cirrhosis. It 1s
one of the secondary bile acids, which are metabolic byprod-
ucts of intestinal bacteria. The drug 1s considered to assist in
reducing the cholestasis and improves blood test results
(liver function tests). However 1t has a minimal eflect on
symptoms and whether 1t improves prognosis 1s controver-
s1al. To relieve 1tching caused by bile acids 1n circulation,
which would normally be removed by the liver,
cholestyramine (a bile acid sequestrant) may be prescribed
to primary biliary cirrhosis patients. The agent may assist in
absorbing bile acids in the gut to be eliminated, rather than
re-enter the blood stream. Alternative agents include stano-
zolol, naltrexone and rifampicin.

Obeticholic acid (OCA, Ocaliva) 1s a semi-synthetic bile
acid analogue undergoing development 1n phase 2 and 3
studies for specific liver and gastrointestinal conditions. The
FDA granted accelerated approval to Ocaliva on 27 May
2016 for the treatment of primary biliary cholangitis (PBC)
in combination with ursodeoxycholic acid (UDCA) 1n adults
with an 1nadequate response to UDCA, or as a single therapy
in adults unable to tolerate UDCA. In addition, a phase 2
trial in NASH patients showed that administration of OCA
reduced markers of liver inflammation and fibrosis and
increased insulin sensitivity.

WO 2014/197738 and WO 2016/094570 relate to small
molecule compounds, disclosed to be nhibitors of myofi-
broblast trans-diflerentiation and activation. Drugs and com-
binations suggested for the treatment of inter alia fatty liver
were disclosed, for example, n WO 2016/112305 and
EP2632925 (acetyl-CoA carboxylase inhibitors) as well as
WO 2016/154238 (dual PPAR delta/gamma agonists). Some
of the disclosed compounds were suggested to be used 1n
combination with various other drugs.

Many patients do not respond to available treatments for

fibrotic disorders, and long term treatment 1s limited by
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toxicity and side eflects. Therefore, a need remains for
developing therapeutic modalities aimed at reducing fibro-
s1s, especially hepatic fibrosis. The development of sate and
cllective treatments for established cirrhosis and portal
hypertension and for attenuating fibrosis would be highly
beneficial.

SUMMARY OF THE INVENTION

Fatty Acid Bile Acid Conjugates
Fatty acid bile salt conjugates, referred to also as Fatty
Acid Bile Acid Conjugates (FABACs), are a family of

synthetic molecules that may be used to improve conditions
related to bile acids or cholesterol metabolism. FABACSs are
believed to lower blood cholesterol concentration, reduce
liver fat levels and dissolve gallstones (Gilat et al., Hepa-

tology 2003; 38: 436-442; and Gilat et al., Hepatology 2002 ;
35: 597-600). FABAC 1nclude 3-arachidylamido-7c.,12a-
dihydroxy-5[-cholan-24-oic acid, also known as Aramchol.

U.S. Pat. Nos. 6,384,024, 6,395,722, 6,589,946 disclose
certain FABACs and their use in dissolving cholesterol

gallstones 1n bile and treating arteriosclerosis. These and
additional FABACs were disclosed 1n U.S. Pat. Nos. 7,501,

403, 8,975,246 and 8,110,564 for use 1n treating fatty liver,
in reducing blood cholesterol levels and 1n treating hyper-
glycemia, diabetes, isulin resistance and obesity. Further

therapeutic uses of FABACs are disclosed 1n Safadi et al.
(Clin Gastroenterol Hepatol. 2014 December; 12(12):2083-

91) and 1n WO 2015/019358 and WO 2015/019359. Amine
salts of certain FABACSs are disclosed in WO 2015/083164.

The mvention relates to the treatment and reduction of
fibrosis, specifically hepatic fibrosis. More specifically,
embodiments of the invention provide compositions and
methods useful for the treatment and inhibition of hepato-
fibrotic conditions associated with Non-Alcoholic Fatty

Liver Disease (NAFLD) and Non-Alcoholic Steatohepatitis
(NASH), employing the use of 3f3-arachidylamido-7c.,12¢.-
dihydroxy-5f3-cholan-24-oic acid (Aramchol) or a pharma-
ceutically acceptable salt thereof. In other embodiments, the
treatment and inhibition of hepato-fibrotic conditions caused
by contact with hepatotoxic chemical substances or by
mechanical obstruction 1s contemplated.

The mvention provides Aramchol and medicaments com-
prising Aramchol for use in any of the methods of the
invention.

Other objects, features and advantages of the present
invention will become clear from the following description
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1. demonstrates the effect of Aramchol on liver
cirrhosis by macroscopic evaluation. FIG. 1A—saline con-
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trol; FIG. 1B—treatment with TAA (20 mg/100 gr body
weilght) twice per week during 10 weeks; FIG. 1C—treat-
ment with TAA and Aramchol 1 mg/kg; FIG. 1D—treatment
with TAA and Aramchol 5 mg/kg.

FIG. 2. demonstrates the eflect of Aramchol on liver
fibrosis by microscopic evaluation (following Masson Gold-
ner staming). FIG. 2A—averaged fibrotic score (TAA—
black, Aramchol—white, OCA—gray); FIG. 2B—represen-
tative samples (TAA only—Ileft; TAA and Aramchol 1
mg/kg—middle; TAA and Aramchol 5 mg/kg—right).

FIG. 3. depicts the eflect of Aramchol on COLI1AIl
expression 1 LX-2 human hepatic stellate cells. “Ctrl S1, S2
and S3” represent control (saline-treated cells) 1 three
separate experiments; “A S1, S2 and S3” represent the result

of Aramchol treated cells in these experiments.

FIG. 4. depicts the eflect of Aramchol on PPAR-y expres-
sion 1n LX-2 human hepatic stellate cells. “Ctrl S1, S2 and
S3” represent control (saline-treated cells) 1n three separate
experiments; “A S1, S2 and S3” represent the result of
Aramchol treated cells 1n these experiments.

FIG. 5. depicts the effect of Aramchol on collagen pro-
duction from LX-2 human hepatic stellate cells compared to
a DMSO control.

FIG. 6. depicts the eflect of Aramchol on liver steatosis 1n
0.1 MCD diet. FIG. 6 A—histology staiming using Sudan 111;
FIG. 6B—quantification of Sudan III stained cells.

FIG. 7. depicts the eflect of Aramchol on macrophage
activation and infiltration 1 0.1 MCD diet. FIG. 7TA—his-
tology staining—F4/80 and CD64; FIG. 7B—quantification
of F4/80 and CD64 positive cells.

FIG. 8. depicts the eflect of Aramchol on fibrosis 1n 0.1
MCD Daet (histology—sirius red). FIG. 8A—histology
staining using sirtus red; FIG. 8B—quantification of sirius
red stained cells.

FIG. 9. depicts the effect of Aramchol on collagen pro-
duction using liver extract from 0.1 MCD mice.

FIG. 10. depicts the eflects of Aramchol on liver bio-
chemistry 1 0.1 MCD mice. FIG. 10 A—quantification of

metabolites 1n liver of control (grey) and Aramchol-treated
(black) 0.1 MCD mice; FIG. 10B—schematic of relevant
liver biochemical pathway.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

Aramchol

Aramchol 1s chemically named 3{3-arachidylamido-7a.,
1 2a-dihydroxy-5p-cholan-24-o1c¢ acid, and 1s represented by
the following chemical structure:

OH

CHs;

NH/

:f‘r fffo H
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According to an embodiment of the imnvention, the com-
binations, compositions, methods and packages of the inven-
tion may comprise Aramchol 1n 1ts free acid form. According
to an embodiment of the invention, Aramchol 1s 1n 1ts salt
form. The salt may be an amine-based salt. The amine-based
salt may be selected from the group consisting of meglum-
ine, lysine and tromethamine salts.

Other embodiments of the invention relate to composi-
tions, methods and packages employing the use of a Fatty
Acid Bile Acid Conjugate (FABAC), or salts thereof.

According to some embodiments, the FABAC i1s of Formula
[:

W-X-G ()

wherein G represents a bile acid or a bile salt radical
thereot; W represents one or two fatty acid radicals having
6-22 carbon atoms; and X represents a bonding member
selected from the group consisting of: a heteroatom, a direct
C—C bond and a C—C bond. Each possibility represents a
separate embodiment of the present invention.

According to some embodiments, the bonding member 1s
selected from the group consisting of: NH, P, S, O and a
direct C—C or C=—C bond. Each possibility represents a
separate embodiment of the present invention. According to
some embodiments, the bonding member 1s NH.

According to some embodiments, each of said one or two
tatty acid radicals 1s a radical of a fatty acid selected from
the group consisting of: arachidylic acid, stearic acid,
behenic acid, palmitic acid, arachidonic acid, eicosapentae-
noic acid and oleic acid. Each possibility represents a
separate embodiment of the present invention. According to
some embodiments, said one or two fatty acid radicals are
radicals of arachidylic acid. Fach possibility represents a
separate embodiment of the present invention.

According to some embodiments, W represents two fatty
acid radicals, each independently comprises 6-22 carbon
atoms; and wherein each of said fatty acid radicals 1is
independently bound to a bonding member X selected from
the group consisting of: a heteroatom, a direct C—C bond
and a C—C bond. According to some embodiments, W
represents a single fatty acid radical.

According to some embodiments, the bile acid 1s selected
from the group consisting of: cholic acid, ursodeoxycholic
acid, chenodeoxycholic acid, deoxycholic acid, lithocholic
acid and derivatives thereof. Fach possibility represents a
separate embodiment of the present invention. In another
embodiment the bile acid 1s cholic acid, chenodeoxycholic
acid, or deoxycholic acid. In another embodiment the bile
acid 1s other than ursodeoxycholic acid and lithocholic acid.
According to some embodiments, the bile acid i1s cholic acid.
Indications.

The invention 1s based, 1n part, on the surprising discov-
ery that Aramchol exerts a potent anti-fibrotic effect, inde-
pendent of its reported activities on fatty liver and steatosis,
and reduces fibrosis 1n various experimental models. Spe-
cifically, treatment with Aramchol (5 mg/kg) significantly
inhibited the development of toxin-induced cirrhosis, necro-
s1s and liver fibrosis 1in an in vivo thioacetamide (TAA)
model. Aramchol was also found to be unexpectedly supe-
rior to obaticholic acid (OCA), which did not induce statis-
tically significant reduction 1n these parameters under the
tested experimental conditions. In addition, Aramchol sig-
nificantly reduced COL1A1l expression in LX-2 human
hepatic stellate cells via PPARy up-regulation. Aramchol
was surprisingly found to be eflective 1n reversing estab-
lished fibrosis, and 1n reducing the production of collagen
specifically 1n stellate cells.
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Thus, independently from its reported activities on liver
metabolism 1n subjects with NAFLD, Aramchol 1s surpris-
ingly found herein to be eflective 1n the treatment of new
patient populations and patient subpopulations, such as in
the treatment of hepatic fibrosis 1n patients with NAFLD or
NASH, treatment of hepatic {fibrosis 1n patients with
NAFLD or NASH and advanced fibrosis (1.e. stage 2 or

stage 3 fibrosis), treatment of hepatic fibrosis in patient with
NAFLD or NASH who have cirrhosis (1.e. stage 4 fibrosis),
treatment of hepatic fibrosis caused by contact with drugs,
toxins or surgery, and specifically i alleviating hepatic
cirrhosis. The invention advantageously provides for the
treatment of these new patient populations with enhanced
ellicacy and/or safety and minimized side efiects.

This 1nvention provides a method for treating hepatic
fibrosis 1n a human subject afllicted with hepatic fibrosis
comprising administering to the subject greater than 300 mg
per day of 3p-arachidylamido-7c¢., 12a-dihydroxy-5(3-
cholan-24-01c acid (Aramchol), or a pharmaceutically
acceptable salt thereot, thereby treating hepatic fibrosis 1n
said subject. In an embodiment the human subject being
treated 1s afllicted with Non-Alcoholic Fatty Liver Disease
(NAFLD).

In an embodiment the human subject being treated 1s
afllicted with Non-Alcoholic Steatohepatitis (INASH).

In an embodiment the human subject 1s afllicted with
NAFLD but not afilicted with Non-Alcoholic Steatohepatitis
(NASH). In an embodiment the human subject has a
NAFLD Activity (NAS) Score of at least 4. In an embodi-
ment the human subject has a NAFLD Activity (NAS) Score
of at least 5, at least 6, or at least 7. In an embodiment the
human subject has a ballooning score of at least 1, an
inflammation score of at least 1, and a steatosis score of at
least 1.

In an embodiment the human subject 1s afllicted with

NAFLD but not aftlicted with Non-Alcoholic Steatohepatitis
(NASH).

In an embodiment the human subject 1s afllicted with
Diabetes Mellitus type II or pre-diabetes. One of the fol-
lowing 3 critena 1s needed for pre-Diabetes: Fasting Plasma
Glucose >100 mg/dl (5.5 mmol/l) or ZhPG following 75 g
OGTT >140 (7.8 mmol/l) mg/dl or HbAlc>5.7%. HbAlc
can be repeated at Investigator’s discretion.

In an embodiment the subject’s hepatic fibrosis 1s stage 2,
3, or 4 fibrosis.

In an embodiment the subject’s hepatic fibrosis 1s stage 1
fibrosis.

In an embodiment the subject’s hepatic fibrosis 1s stage
la, stage 1b, or stage 1c¢ fibrosis.

In an embodiment the human subject has a diet that 1s high
fat and high calorie. As used herein, a high fat, high calorie
diet contains at least 4000 calories per day, of which
approximately 50% comes from fat.

In an embodiment the human subject 1s resistant to
lifestyle intervention.

In an embodiment the human subject 1s resistant to diet
intervention.

The mnvention further relates to the treatment and reduc-
tion of fibrosis, specifically liver fibrosis. The nvention
provides compositions and methods useful for the treatment
ol hepatic cirrhosis, portal hypertension, and hepato-fibrotic
conditions caused by contact with hepatotoxic chemical
substances or by mechanical obstruction. Compositions and
methods according to the invention employ the use of
33-arachidylamido-7a,120-dihydroxy-53-cholan-24-o1c
acid (Aramchol) or a pharmaceutically acceptable salt
thereof.
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In one aspect, there 1s provided a method for the treatment
ol hepatic fibrosis 1n a subject 1n need thereot, the hepatic
fibrosis being caused by contact with a hepatotoxic chemical
substance or by mechanical obstruction, comprising admin-
istering to the subject an eflective amount of Aramchol, or
a pharmaceutically acceptable salt thereot, thereby treating
hepatic fibrosis 1n said subject.

In another aspect there 1s provided a method for the
treatment of hepatic fibrosis 1n a subject 1n need thereof,
comprising administering to the subject an effective amount
of Aramchol or a pharmaceutically acceptable salt thereof,
with the proviso that the fibrosis 1s associated with a disorder
other than non-alcoholic liver disease and non-alcoholic
steatohepatitis.

In another aspect there 1s provided a method for treating,
or inhibiting a disorder selected from the group consisting of
hepatic cirrhosis and portal hypertension 1n a subject 1n need
thereol, comprising administering to the subject an effective
amount of Aramchol or a pharmaceutically acceptable salt
thereol.

In another aspect there 1s provided a method of treating or
inhibiting a fibrotic disease or condition 1n a subject in need
thereol, comprising administering to the subject an effective
amount of Aramchol or a pharmaceutically acceptable salt
thereol, thereby treating or inhibiting the disease or condi-
tion 1n the subject, wherein said disease or condition 1s
selected from the group consisting of: alcoholic liver dis-
case, viral hepatitis, parasitic hepatitis, drug-induced hepa-
tit1s, toxin-induced hepatitis, primary biliary cirrhosis and
congenital hepatic fibrosis.

Known i1ndications suggested for FABAC ftreatment
include those disclosed in U.S. Pat. Nos. 6,384,024, 6,395,
722, 6,589,946, 7,501,403, 8,110,564 and 8,975,246, as
detailed herein, and are explicitly excluded in an embodi-
ment. In some embodiments, the subject to be treated by the
methods of the invention 1s not afilicted with an additional
medical condition.

Further, according to an aspect of the present invention,
there 1s provided a method for the treatment of hepatic
fibrosis 1n a subject 1n need thereotf, the hepatic fibrosis
being caused by contact with a hepatotoxic chemical sub-
stance or by mechanical obstruction, comprising adminis-
tering to the subject an eflective amount of Aramchol or a
pharmaceutically acceptable salt thereof, thereby treating
hepatic fibrosis 1n said subject.

According to embodiments of the present invention, the
hepatic fibrosis 1s caused by a factor selected from the group
consisting ol chronic alcoholism, malnutrition, hemochro-
matosis, passive congestion, exposure to poisons or toxins,
exposure to drugs, immune reactions, genetically deter-
mined sensitivities to a certain substance and infections.

In other embodiments, the hepatic fibrosis 1s caused by a
tactor selected from the group consisting of viral hepatitis,
syphilis and a parasitic infection. In a particular embodi-
ment, said parasitic ifection i1s selected from the group
consisting of Schistosomiasis mansoni and S. japonica. In
another particular embodiment, the viral hepatitis 1s associ-
ated with 1s chronic hepatitis C infection.

According to another embodiment of the present mnven-
tion, there 1s provided a method for the treatment of hepatic
fibrosis 1n a subject, comprising adminmistering to the subject
an eflective amount of Aramchol or a pharmaceutically
acceptable salt thereof, with the proviso that the fibrosis is
associated with a disorder other than non-alcoholic liver
disease and non-alcoholic steatohepatitis.

In an embodiment, the subject 1s not diagnosed with fatty
liver. In certain embodiments, the fibrosis 1s associated with
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a disorder selected from the group consisting of autoimmune
hepatitis, storage or metabolism hepatic disorders, congeni-
tal hepatic fibrosis, infection, primary biliary cirrhosis and
primary sclerosing cholangitis. Each possibility represents a
separate embodiment of the invention. In a particular
embodiment, the fibrosis 1s associated with congenital
hepatic fibrosis, a developmental disorder of the lhiver,
marked by formation of wrregular broad bands of fibrous
tissue containing multiple cysts formed by disordered ter-
minal bile ducts, resulting 1n vascular constriction and portal
hypertension.

Non-limiting examples for diseases associated with stor-
age or metabolism abnormalities that are characterized by
hepatic fibrosis (storage or metabolism hepatic disorders)
include al-Anftitrypsin deficiency, copper storage diseases

(e.g., Wilson disease), fructosemia, galactosemia, glycogen
storage diseases (especially types III, 1V, VI, IX, and X),
iron-overload syndromes (hemochromatosis), lipid abnor-
malities (e.g., Gaucher disease), peroxisomal disorders (e.g.,
Zellweger syndrome), and tyrosinemia. Each possibility
represents a separate embodiment of the invention.

Non-limiting examples for infections characterized by
liver fibrosis include bacterial infections (e.g., brucellosis),
parasitic infections (e.g., echinococcosis), and viral infec-
tions (e.g., viral hepatitis including, but not limited to
chronic hepatitis B or C). Each possibility represents a
separate embodiment of the invention. In a particular
embodiment, the infection 1s chronic hepatitis C infection.

According to yet further embodiments, the fibrosis is
associated with contact with a hepatotoxic chemical sub-
stance, including, but not limited to alcohol, amiodarone,
chlorpromazine, 1soniazid, methotrexate, methyldopa, oxy-
phenisatin, and tolbutamide. Each possibility represents a
separate embodiment of the invention. In a particular
embodiment, said substance 1s alcohol.

According to further embodiments, the fibrosis 1s associ-
ated with mechanical obstruction, e.g. scarring due to prior
liver surgery.

In another embodiment the disorder 1s associated with
COL1A1 and/or PPAR-y dysregulation 1n hepatic stellate
calls. In a particular embodiment, said disorder 1s associated
with COL1A1 up-regulation and PPAR-y down-regulation
in hepatic stellate calls of said subject.

In another aspect, there 1s provided a method for treating
or inhibiting a disorder selected from the group consisting of
hepatic cirrhosis and portal hypertension 1n a subject 1n need
thereol, comprising administering to the subject an effective
amount of Aramchol or a pharmaceutically acceptable salt
thereof.

In another embodiment, said fibrosis 1s manifested by
portal hypertension and/or hepatic cirrhosis. In a particular
embodiment, said fibrosis 1s manifested by hepatic cirrhosis.

In one embodiment, the disorder 1s hepatic cirrhosis. In
another embodiment, said disorder 1s portal hypertension.
According to some embodiments, the methods of the inven-
tion advantageously provide for treating an existing condi-
tion of hepatic cirrhosis and/or portal hypertension. Thus,
according to some embodiments, the method comprises
determining whether said subject 1s afllicted with of hepatic
cirrhosis and/or portal hypertension, and administering said
Aramchol or a pharmaceutically acceptable salt thereof to a
subject afllicted with of hepatic cirrhosis and/or portal
hypertension. According to other embodiments, said of
hepatic cirrhosis and/or portal hypertension 1s associated
with a disorder as described herein. Each possibility repre-
sents a separate embodiment of the invention.
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In other embodiments, the method 1s used for inhibiting or
preventing a symptom of hepatic cirrhosis and/or portal
hypertension. According to various specific embodiments,
the method 1s used for inhibiting or preventing a symptom
of portal hypertension, including, but not limited to variceal
bleeding, ascites, and portosystemic encephalopathy. In
other particular embodiments, the method 1s used for inhib-
iting or preventing a symptom of hepatic cirrhosis, includ-
ing, but not limited to hepatic msuthiciency and fatal liver
tailure. Each possibility represents a separate embodiment
of the mvention.

In another aspect, the mvention provides a method of
treating or inhibiting a fibrotic disease or condition 1n a
subject 1n need thereof, comprising administering to the
subject an effective amount of Aramchol or a pharmaceuti-
cally acceptable salt thereolf, thereby treating or inhibiting
the disease or condition in the subject, wherein said disease
or condition 1s selected from the group consisting of: alco-
holic liver disease, viral hepatitis, parasitic hepatitis, drug-
induced hepatitis, toxin-induced hepatitis, primary biliary
cirrhosis and congenital hepatic fibrosis. In another embodi-
ment, said disease or condition 1s selected from the group
consisting of: alcoholic liver disease, parasitic hepatitis,
drug-induced hepatitis, and toxin-induced hepatitis. Each
possibility represents a separate embodiment of the inven-
tion. In another embodiment, said disease or condition 1s
chronic.

Administration and Dosage Form

According to some embodiments, the compound to be
administered (e.g. Aramchol) 1s in the form of a composition
(referred to as the composition of the invention) comprising
a therapeutically effective amount of at least one of said
compound. As used herein, the term “effective amount™
means an amount of compound that 1s capable of reducing
and/or attenuating a disorder or symptom as described
herein. The specific dose of a compound administered
according to this invention will, of course, be determined by
the particular circumstances surrounding the case including,
for example, the compound administered, the route of
administration, the physiological state of the subject, and the
severity of the condition being treated.

This invention provides a medicament comprising greater
than 300 mg of 3@-arachidylamido-7c., 12a-dihydroxy-353-
cholan-24-o1c acid (Aramchol) for use in administration to
a human subject, including any of the human subjects recited
hereinabove.

In an embodiment the medicament comprises greater than
350 mg of Aramchol. In an embodiment the medicament
comprises between 350 mg and 1200 mg of Aramchol. In an
embodiment the medicament comprises 400 mg, 500 mg,
600 mg, 700 mg, 300 mg, 900 mg, 1000 mg, 1100 mg, or
1200 mg of Aramchol. In an embodiment the medicament
comprises between 400 mg and 1100 mg, or between 500
mg and 1000 mg, or between 600 mg and 900 mg of
Aramchol. In an embodiment the medicament comprises
400 mg or 600 mg of Aramchol.

In an embodiment the medicament 1s to be administered
daily.

This invention also provides 33-arachidylamido-7a., 12¢.-
dihydroxy-5f-cholan-24-oic acid (Aramchol) for use 1n
administration to a human subject at a daily dose of greater
than 300 mg. In an embodiment the human subject 1s any of
the human subjects recited hereinabove.

In an embodiment the daily dose of Aramchol 1s greater
than 350 mg. In an embodiment the daily dose of Aramchol
1s between 350 mg and 1200 mg. In an embodiment the daily

dose of Aramchol 1s 400 mg, 500 mg, 600 mg, 700 mg, 800
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mg, 900 mg, 1000 mg, 1100 mg, or 1200 mg. In an
embodiment the daily dose of Aramchol 1s between 400 mg
and 1100 mg, or between 500 mg and 1000 mg, or between
600 mg and 900 mg. In an embodiment the daily dose of
Aramchol 1s 400 mg or 600 mg per day.

Any suitable route may be used to administer the medi-
cament or Aramchol of the invention to a subject.

According to some embodiments, suitable administration
routes may be systemic routes. According to some embodi-
ments, administering 1s administering systemically. Accord-
ing to some embodiments, the composition 1s formulated for
systemic administration.

According to another embodiment, administration sys-
temically 1s through an enteral route. According to another
embodiment, adminmistration through an enteral route 1s oral
administration. According to some embodiments, the com-
position 1s formulated for oral administration.

Thus, the mventions provides a method for treating the
subjects recited in this application by administering Aram-
chol to the subject, wherein at least 350 mg of Aramchol 1s
administered to the subject per day. In an embodiment

between 350 mg and 1200 mg of Aramchol 1s administered
to the subject per day. In an embodiment 400 mg, 500 mg,
600 mg, 700 mg, 300 mg, 900 mg, 1000 mg, 1100 mg, or
1200 mg of Aramchol 1s adminmistered to the subject per day.
In an embodiment between 400 mg and 1100 mg, or between
500 mg and 1000 mg, or between 600 mg and 900 mg of
Aramchol 1s administered to the subject per day. In an
embodiment 400 mg or 600 mg of Aramchol 1s administered
to the subject per day.

In an embodiment the medicament or Aramchol 1s admin-
istered 1n the morning, in the afternoon, or in the evemng.

In an embodiment the medicament or Aramchol 1s admin-
i1stered at the same time as, or within 30 minutes of a meal

In an embodiment the meal 1s breakfast, lunch, or dinner.

In an embodiment the meal 1s a high fat meal. A high fat
meal 1s a meal wherein approximately 3500 to 600 calories
are fat calories.

In an embodiment the meal 1s a high calorie meal. A high
calorie meal 1s a meal of approximately 800 to 1000 calories.

In an embodiment the medicament or Aramchol 1s admin-
istered with water. In an embodiment the medicament or
Aramchol 1s administered with at least 100 or at least 200
mL of water.

In an embodiment the Aramchol 1s administered over the
course of at least 52 weeks, at least 72 weeks, at least 96
weeks, at least 2 years, at least 3 years, or at least 4 years.

According to some embodiments, oral administration 1s 1n
the form of hard or soft gelatin capsules, pills, capsules,
tablets, including coated tablets, dragees, elixirs, suspen-
s1ons, liquids, gels, slurries or syrups and controlled release
forms thereof. Thus the invention provides a method of
administering Aramchol 1n the form of a tablet, a capsule, or
in a liqud.

Suitable carriers for oral administration are well known 1n
the art. Compositions for oral use can be made using a solid
excipient, optionally grinding the resulting mixture, and
processing the mixture of granules, after adding suitable
auxiliaries as desired, to obtain tablets or dragee cores.
Non-limiting examples of suitable excipients include fillers
such as sugars, including lactose, sucrose, mannitol, or
sorbitol, cellulose preparations such as, maize starch, wheat
starch, rice starch, potato starch, gelatin, gum tragacanth,
methyl  cellulose, hydroxypropylmethyl-cellulose, and
sodium carbomethylcellulose, and/or physiologically
acceptable polymers such as polyvinylpyrrolidone (PVP).
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If desired, disintegrating agents, such as cross-linked
polyvinyl pyrrolidone, agar, or alginic acid or a salt thereof,
such as sodium alginate, may be added. Capsules and
cartridges of, for example, gelatin for use 1n a dispenser may
be formulated containing a powder mix of the compound
and a suitable powder base, such as lactose or starch.

Solid dosage forms for oral administration include with-
out limitation capsules, tablets, pills, powders, and granules.
In such solid dosage forms, the active compound 1s admixed
with at least one inert pharmaceutically acceptable carrier
such as sucrose, lactose, or starch. Such dosage forms can
also comprise, as 1t normal practice, additional substances
other than inert diluents, e.g., lubricating, agents. In the case
of capsules, tablets and pills, the dosage forms may also
comprise buflering agents. Tablets and pills can additionally
be prepared with enteric coatings. The term “enteric coat-
ing”’, as used herein, refers to a coating which controls the
location of composition absorption within the digestive
system. Non-limiting examples for materials used for enteric
coating are fatty acids, waxes, plant fibers or plastics.

Liquid dosage forms for oral administration may further
contain adjuvants, such as wetting agents, emulsitying and
suspending agents, and sweetening, flavoring and perfuming
agents.

According to some embodiments, concomitant treatment
with fatty acids such as ethyl eicosapentanoate, eicosapen-
taecnoic acid, and their amides, salts and phospholipids 1s
explicitly excluded. In other embodiment, concomitant
treatment with bile acids such as ursodeoxycholic acid and
lithocholic acid 1s excluded. In other embodiments concomi-
tant treatment with vitamin D receptor agonists, acetyl-CoA
carboxylase inhibitors, dual PPAR delta/gamma agonists,
and 1nhibitors of myofibroblast trans-differentiation and
activation 1s excluded. According to advantageous embodi-
ments, Aramchol or the pharmaceutically acceptable salt
thereol 1s used as a sole active ingredient.

According to some embodiments, the composition 1s
administered in several dosages over prolonged periods until
a suflicient response has been achieved.

As disclosed herein, Aramchol was found to be an unex-
pectedly potent therapeutic agent, capable of reversing
established fibrosis and reducing cirrhosis and collagen
synthesis 1n stellate calls even when used as a single
therapeutic agent, in the absence of adjunct therapy. Thus,
according to an advantageous embodiment of the methods of
the invention, Aramchol or the pharmaceutically acceptable
salt thereof 1s administered as a sole active ingredient. In
another embodiment, the subject 1s human.

In another embodiment of the methods of the invention,
Aramchol 1s administered orally. In another embodiment of
the methods of the invention, Aramchol i1s 1n the form of
Aramchol free acid. In another embodiment of the methods
of the invention, Aramchol 1s 1n the form of an amine-based
salt. In certain particular embodiments, the salt 1s a meglu-
mine, lysine or tromethamine Aramchol salt. Each possibil-
ity represents a separate embodiment of the mnvention.
Patient Outcomes

In an embodiment treating the subject comprises lack of
worsening of the subject’s NAFLD Activity (NAS) score.

In an embodiment treating the subject comprises lack of
worsening of the subject’s Steatosis, Activity and Fibrosis
(SAF) Activity score.

In an embodiment treating the subject comprises lack of
worsening ol the subject’s fibrosis score.

In an embodiment the lack of worseming i1s lack of
worsening at 52, 65, 72 or 96 weeks from the commence-
ment of administration of Aramchol.
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In an embodiment the lack of worsening 1s lack of
worsening at 2, 3, or 4 years from the commencement of
adminmistration of Aramchol.

In an embodiment treating the subject treating comprises
an 1mprovement of the subject’s NAFLD Activity (NAS)
score.

In an embodiment the subject’s NAS score 1s at least 4 at
the commencement of administration of Aramchol and the
improvement of the subject’s NAS score 1s an improvement
of at least 2 points.

In an embodiment treating the subject comprises an
improvement of the subject’s Steatosis, Activity and Fibro-
s1s (SAF) Activity Score.

In an embodiment the subject’s SAF Activity score 1s at
least 4 at the commencement of administration of Aramchol
and improvement of the subject’s SAF Activity score 1s an
improvement of at least 2 points.

In an embodiment treating the subject comprises an
improvement of the subject’s fibrosis score.

In an embodiment the improvement of the subject’s
fibrosis score 1s an improvement of 1 grade, or greater than
1 grade. In an embodiment improvement 1s improvement at
52, 65, 72, or 96 weeks from the commencement of admin-
istration of Aramchol.

In an embodiment improvement 1s improvement at 2, 3, or
4 years from the commencement of administration of Aram-
chol.

In an embodiment treating the subject comprises inhibit-
ing progression of Non-Alcoholic Fatty Liver Disease
(NAFLD).

In an embodiment inhibiting progression of NAFLD
comprises prevention of progression, or reduced progression
relative to a patient not treated with Aramchol.

In an embodiment the human subject 1s afllicted with
Non-Alcoholic Steatohepatitis (NASH) and treating com-
prises inhibiting progression of NASH.

In an embodiment inhibiting progression of NASH com-
prises prevention of progression, or reduced progression
relative to a patient not treated with Aramchol.

In an embodiment treating comprises preventing progres-
sion from Non-Alcoholic Fatty Liver Disease (NAFLD) to
NASH.

In an embodiment 1improvement progression 1S progres-
sion at 2, 4, 8, 24, 40, 52, 65, 72, or 96 weeks from the
commencement ol adminmistration of Aramchol.

In an embodiment improvement progression 1s progres-
sion at 2, 3, or 4 years from the commencement of admin-
istration of Aramchol.

In an embodiment the human subject 1s afllicted with
Non-Alcoholic Steatohepatitis (NASH) and the treating
comprises NASH resolution in the subject.

In an embodiment NASH resolution comprises the human
subject having a ballooning score of 0 and an intflammation
score of O or 1.

In an embodiment treating comprises NASH resolution 1n
the subject at 52, 72, or 96 weeks from the commencement
ol administration of Aramchol.

In an embodiment treating comprises NASH resolution 1n
the subject at 2, 3, or 4 years from the commencement of
adminmistration of Aramchol.

In an embodiment treating comprises a reduction 1n the
level of liver triglycerides 1n the subject relative to the level
at the commencement of administration ol Aramchol.

In an embodiment treating comprises a reduction 1n the
ratio of liver triglycerides to water in the subject relative to
the ratio at the commencement of administration of Aram-

chol.
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In an embodiment there 1s a greater than 10% reduction 1n
ratio of liver triglycerides to water.

In an embodiment there 1s a 10% to 40% reduction 1n ratio
of liver triglycerides to water.

In an embodiment there 1s a 15% to 35% reduction 1n ratio
of liver triglycerides to water.

In an embodiment there 1s a 20% to 30% reduction 1n ratio
of liver triglycerides to water.

In an embodiment treating comprises:

a. a reduction 1n the level of Hemoglobin A1C or HOMA -
IR;

b. a reduction 1n the level of Fibrinogen, CK-18, C-reac-
tive protein (CRP), TNFa., IL 6 and fibrosis Tests (NFS;

c. a reduction 1n the ratio of leptin to adinopectin; or

d. an increase 1n the level of adinopectin;
in the subject relative to the level or ratio at the

commencement of administration of Aramchol.

In an embodiment treating comprises:

a. a reduction 1n the human subject’s body weight relative
to the human subject’s body weight at the commence-
ment of administration of Aramchol;

b. a reduction 1n the human subject’s waist circumierence
relative to the human subject’s waist circumierence at
the commencement of administration of Aramchol; or

c. a reduction 1n the human subject’s Fatty Liver Index
relative to the human subject’s Fatty Liver Index at the
commencement of admimstration of Aramchol.

In an embodiment the reduction or increase 1s a reduction
or 1ncrease at 2, 4, 8, 24, 40, 52, 635, 72, or 96 weeks from
the commencement of administration of Aramchol.

In an embodiment the reduction or increase 1s a reduction
or increase at 2, 3, or 4 years from the commencement of
administration of Aramchol.

In another embodiment, administration of Aramchol or a
pharmaceutically acceptable salt thereof according to the
methods of the invention inhibits collagen synthesis (e.g.
COL1A1 expression) in hepatic stellate calls. In another
embodiment, administration of Aramchol or a pharmaceu-
tically acceptable salt thereof according to the methods of
the invention enhances PPAR-y expression in hepatic stellate
calls.

The present invention also provides a medicament or
Aramchol of the imvention wherein the medicament or
Aramchol 1s effective to prevent worsening of NASH 1n the
subject.

In an embodiment the medicament or Aramchol 1s eflec-
tive to prevent worsening of fibrosis in the subject.

The present invention also provides a medicament or
Aramchol of the invention wherein the human subject being,
administered the medicament or Aramchol 1s afllicted with
fibrosis and wherein the medicament or Aramchol 1s effec-
tive to improve the human subject’s fibrosis score.

In an embodiment the medicament or Aramchol 1s eflec-
tive to improve the human subject’s NAFLD Activity (NAS)
score.

In an embodiment the medicament or Aramchol 1s eflec-
tive to improve the human subject’s NAFLD Activity (NAS)
score by at least 2 points.

In an embodiment the medicament or Aramchol 1s eflec-
tive to improve the human subject’s Steatosis, Activity and
Fibrosis (SAF) Activity score.

In an embodiment the medicament or Aramchol 1s eflec-
tive to improve the human subject’s Steatosis, Activity and
Fibrosis (SAF) Activity score by at least 2 points.

In an embodiment the medicament or Aramchol 1s eflec-
tive to resolve NASH 1n the human subject.
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In an embodiment resolving NASH comprises reducing
ballooning to a score of 0 and reducing inflammation to a
score of O or 1.

In an embodiment the medicament or Aramchol 1s eflec-
tive at 2, 4, 8, 24, 40, 52, 65, 72, or 96 weeks, or 2, 3, or 4
years from the commencement of administration.

In an embodiment the medicament or Aramchol 1s eflec-
tive to reduce the level of liver triglycerides 1n the subject
relative to the level at the commencement of administration.

In an embodiment the medicament or Aramchol 1s eflec-
tive to reduce the ratio of liver triglycerides to water in the
subject relative to the ratio at the commencement of admin-
1stration.

In an embodiment the medicament or Aramchol 1s eflec-
tive to reduce the ratio of liver triglycerides to water in the

subject by at least 10% relative to the ratio at the com-
mencement of administration.

In an embodiment the medicament or Aramchol 1s eftec-

tive to reduce the ratio of liver triglycerides to water in the
subject by between 10% and 40% relative to the ratio at the
commencement of administration.

In an embodiment the medicament or Aramchol 1s eflec-
tive to reduce the ratio of liver triglycerides to water in the
subject by between 15% and 35% relative to the ratio at the
commencement of administration.

In an embodiment the medicament or Aramchol 1s eflec-
tive to reduce the ratio of liver triglycerides to water in the
subject by between 20% and 30% relative to the ratio at the
commencement of administration.

In an embodiment the medicament or Aramchol 1s effec-
tive to:

a. reduce the level of Hemoglobin A1C or HOMA-IR;

b. reduce the level of Fibrinogen, CK-18, C-reactive
protein (CRP), TNFa, IL 6 and fibrosis Tests (NFS);

c. reduce the ratio of leptin to adinopectin; or

d. increase the level of adinopectin;
in the subject relative to the level or ratio at the

commencement of administration.

In an embodiment the medicament or Aramchol 1s eflec-
tive to:

a. reduce the human subject’s body weight relative to the
human subject’s body weight at the commencement of
administration;

b. reduce the human subject’s waist circumierence rela-
tive to the human subject’s waist circumierence at the
commencement of administration; or

¢. reduce the human subject’s Fatty Liver Index relative
to the human subject’s Fatty Liver Index at the com-
mencement of administration.

In an embodiment the medicament or Aramchol 1s eflec-
tive at 2, 4, 8, 24, 40, 52, 65, 72, or 96 weeks, or 2, 3, or 4
years from the commencement of administration.
Combination Therapy

The C—C motit chemokine receptor CCRS5 1s involved 1n
the process by which HIV, the virus that causes AIDS, enters
cells. CCR3S receptor antagonists are a class of small mol-
ecules that antagonize the CCRS5 receptor. Hence, antago-
nists of this receptor are entry inhibitors and have potential
therapeutic applications 1n the treatment of HIV infections.
The C—C chemokine receptor type 2 (CCR2) 1s a protein
that in humans 1s encoded by the CCR2 gene. This gene
encodes two 1soforms of a receptor for monocyte chemoat-
tractant protein-1 (CCL2), a chemokine which specifically
mediates chemotaxis of cells such as monocytes and mac-
rophages. Cenicriviroc ((S,E)-8-(4-(2-Butoxyethoxy)phe-
nyl)-1-1sobutyl-N-(4-(((1-propyl-1H-1imidazol-5-yl)methyl )
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sulfinyl)phenyl)-1,2,3,4-tetrahydrobenzo[b]azocine-5-
carboxamide, CAS No. 497223-25-3) 1s an inhibitor of both

CCR2 and CCRS5 receptors.

In an embodiment of the invention, the method further
comprises administering a therapeutically effective amount
ol a pharmaceutical composition comprising a C—C chemo-
kine receptor type 2 (CCR2) antagonist, a C—C chemokine
receptor type S5 (CCRJ) antagonist, a dual CCR2/CCRS5

antagonist, or a combination or pharmaceutically acceptable

salt thereof.

In an embodiment, the CCR2 antagonist 1s selected from
the group consisting of: a double-stranded RNA, a com-
pound antagonizing the binding of CCR2 to 1its ligand, a
neutralizing antibody to CCR2, a ligand corresponding to a
neutralizing antibody to CCR2, an 1solated peptide derived
from the sequences of CCR2 or analogs thereof capable of
inhibiting CCR2, an antisense nucleic acid, an antagonist
microRNA, and an enzymatic RNA molecule.

In an embodiment, the method further comprises admin-
istering to the subject a CCRS5 antagonist and a CCR2
antagonist, or a dual CCR2/CCRS5 antagonist.

In an embodiment, the CCR2/CCRS dual antagonist 1s
(S,E)-8-(4-(2-Butoxyethoxy )phenyl)-1-1sobutyl-N-(4-(((1-
propyl-1H-1imidazol-5-yl)methyl)sulfinyl)phenyl)-1,2,3,4-
tetrahydrobenzo[b]azocine-5-carboxamide (Cenicriviroc) or
Cenicriviroc mesylate.

In an embodiment, the method comprises administering a
daily dose of 50 to 500 mg of Cenicriviroc. In certain
embodiments, the method described above comprises
administering a daily dose of 10 to 200 mg of Cenicriviroc.
In certain embodiments, the method comprises administer-
ing a daily dose of 50 to 500 mg, 50 to 400 mg, 50 to 300
mg, 50 to 200 mg, or 100 to 200 mg of Cenicriviroc. In
certain embodiments, the method described above com-
prises administering a daily dose of 100-200 mg of Ceni-
criviroc. In an embodiment, the method comprises admin-
istering a daily dose of 100 or 200 mg of Cenicriviroc.

In some embodiments, the method further comprises
administering a therapeutically effect amount of a pharma-
ceutical composition comprising at least one compound
selected from the group consisting of ethyl eicosapentanoate
(EPA-E), eicosapentaenoic acid (EPA) and 1ts pharmaceuti-
cally acceptable amides, salts, esters and phospholipids.

In some embodiments, the EPA-E or EPA may be at least
40% by weight 1n total of the fatty acids and their deriva-
tives.

In some embodiments, the pharmaceutical composition
comprises Epadel® (Machida Pharmaceutical Co., Ltd.,
Tokyo Japan), Lovaza™ (GlaxoSmithKline, FL. USA),
Omacor™ (Pronova Biopharma ASA, Oslo Norway),
Lotriga™ (Takeda Pharmaceutical Co., Ltd., Osaka Japan),
Vascepa™ (Amarin Pharma Inc., NJ USA), Epanova™
(Astra Zeneca Pharmaceuticals LP, Wilmington, Germany)
or Omtryg™ (‘Trygg Pharma Inc., VA USA).

Lovaza™, omega-3-acid ethyl esters, predominantly a
combination of ethyl esters of eicosapentaenoic acid (EPA—
approximately 465 mg) and docosahexaenoic acid (DHA—
approximately 375 mg), 1s indicated as an adjunct to diet to
reduce triglyceride (1TG) levels 1n adult patients with severe
(500 mg/dL) hypertriglyceridemia (Lovaza, Food and Drug
Admuinistration Approved Labeling (Reference 11D:3371921)
|[online], GlaxoSmithKline, 2013).

The recommended dose and schedule for Lovaza™ 1s 4 g
per day. The daily dose may be taken as a single 27 4-gram
dose (4 capsules) or as two 2-gram doses (2 capsules given
twice daily).
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In some embodiments, the administration of Lovaza™
comprises 4.0 g per day, 3.5 g per day, 3.0 g per day, 2.5 g
per day, 2.0 g per day, 1.5 g per day, 1.0 g per day or less
of Lovaza™,

Omacor™, omega-3-acid ethyl esters, predominantly a
combination of ethyl esters of eicosapentaenoic acid (EPA—
approximately 465 mg) and docosahexaenoic acid (DHA—
approximately 375 mg), 1s a a lipid-regulating agent. (Rel-
erence ID:“FPL {for approved NDA 21-654”") [online],
Abbott Laboratories).

The recommended dose and schedule for Omacor™ 1s 4
g per day. The daily dose may be taken as a single 4-g dose
(4 capsules) or as two 2-g doses (2 capsules given twice
daily).

In some embodiments, the administration of Omacor™
comprises 4.0 g per day, 3.5 g per day, 3.0 g per day, 2.5 g
per day, 2.0 g per day, 1.5 g per day, 1.0 g per day or less
of Omacor™,

Vascepam, containing 1 gram of 1cosapent ethyl, an ethyl
ester of the omega-3 fatty acid eicosapentaenoic acid (EPA),
1s a a lipid-regulating agent indicated as an adjunct to diet to
reduce triglyceride (TG) levels 1n adult patients with severe
500 mg/dL) hypertriglyceridemia (Vascepam, Food and
Drug Administration Approved Labeling (Reference
11D:3783357) [online], Amarin Pharmaceuticals, 2012).

The recommended dose and schedule for Vascepa™ 1s 4
grams per day taken as 2 capsules twice daily with food.

In some embodiments, the administration of Vascepa™
comprises 4.0 g per day, 3.5 g per day, 3.0 g per day, 2.5 g
per day, 2.0 g per day, 1.5 g per day, 1.0 g per day or less
of Vascepa™.

Epanova™, containing 1 gram of fish oil-derived free
fatty acids, designated “omega-3-carboxylic acids,” with at
least 850 mg of polyunsaturated fatty acids, including mul-
tiple omega-3 fatty acids (eicosapentaenoic acid [EPA] and
docosahexaenoic acid [DHA] being the most abundant), 1s a
lipid-regulating agent indicated as an adjunct to diet to
reduce triglyceride (TG) levels 1n adult patients with severe
(>>500 mg/dL) hypertriglyceridemia (Epanova™, Food and
Drug Administration Approved Labeling (Reference
11):3501113) [online], AstraZeneca Pharmaceuticals, 2014).

The recommended dose and schedule for Epanova™ 1s 4
grams per day taken as 2 grams (2 capsules) twice daily, or
4 grams (4 capsules) once daily.

In some embodiments, the administration of Epanova™
comprises 4.0 g per day, 3.5 g per day, 3.0 g per day, 2.5 g
per day, 2.0 g per day, 1.5 g per day, 1.0 g per day or less
of Epanova™.,

Omtryg™, a combination of ethyl esters of omega-3 fatty
acids predominantly a combination of ethyl esters of eicosa-
pentaenoic acid (EPA—approximately 465 mg) and doco-
sahexaenoic acid (DHA—approximately 375 mg), 1s a lipid-
regulating agent, indicated as an adjunct to diet to reduce
triglyceride (TG) levels 1n adult patients with severe (0.500
mg/dL) hypertriglyceridemia (Omtryg™, Food and Drug
Administration Approved Labeling (Reference 11):3494935)
[online], Trygg Pharma Inc., 2014).

The recommended dose and schedule for Omtryg™ 1s 4
grams per day taken as 2 grams (2 capsules) twice daily, or
4 grams (4 capsules) once daily.

In some embodiments, the administration of Omtryg™
comprises 4.0 g per day, 3.5 g per day, 3.0 g per day, 2.5 ¢
per day, 2.0 g per day, 1.5 g per day, 1.0 g per day or less
of Omtryg™,

The compositions recited hereinabove are described in
U.S. Patent Application Publication No. 2016/0213639, the

entire contents of which 1s incorporated by reference.
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In some embodiments, the method further comprises
administering a therapeutically effect amount of an inhibitor
of Acetyl-CoA carboxylase (ACC) alone, or in combination
with one or more additional therapeutic agents.

As used herein generally, “ACC inhibitor” means any
therapeutic agent that reduces the activity of an acetyl CoA
carboxylase enzyme.

Suitable ACC 1nhibitors 1include those described 1n
WO0O2013/071169A1, WO2014/182943A1, W0O2014/
182945A1, WO2014/182950A1, and WO2014/182951A1,
the entirety of each of which i1s hereby incorporated by
reference.

In some embodiments, the ACC inhibitor 1s soraphen A.
In some embodiments, additional therapeutic agents are
independently selected from the group consisting of angio-
tensin II receptor antagonists, angiotensin converting
enzyme (ACE) inhibitors, caspase inhibitors, cathepsin B
inhibitors, CCR2 chemokine antagonists, CCR5 chemokine
antagonists, chloride channel stimulators, cholesterol solu-
bilizers, diacylglycerol 0-acyltransierase 1 (DGAT]1) 1nhibi-
tors, dipeptidyl peptidase IV (DPPIV) mhibitors, farnesoid
X receptor (FXR) agonists, FXR/TGRS dual agonists, galec-
tin-3 inhibitors, glucagon-like peptide (GLPI) agonists, glu-
tathione precursors, hepatitis C virus NS3 protease inhibi-
tors, HMG CoA reductase inhibitors, I I ~-hydroxysteroid
dehydrogenase (I I ~-HSD 1) inhibitors, IL-I~ antagonists,
IL-6 antagonists, IL-1 O agonists, IL-I 7 antagomnists, 1leal
sodium bile acid cotransporter inhibitors, leptin analogs,
S-lipoxygenase inhibitors, LPL gene stimulators, lysyl oxi-
dase homolog 2 (LOXL2) inhibitors, PDE3 inhibitors,
PDE4 1inhibitors, phospholipase C (PLC) inhibitors, PPARa

agonists, PPARy agonists, PPARS agonists, Rho associated
protein kinase 2 (ROCK2) inhibitors, sodium glucose trans-
porter-2 (SGLT2) inhibitors, stearoyl CoA desaturasel
inhibitors, thyroid hormone receptor~ agonists, tumor
necrosis factor a (TNFa) ligand inhibitors, transglutaminase
inhibitors, transglutaminase inhibitor precursors, PTPib

inhibitors, and ASKI inhibitors.

The compositions recited hereinabove are described in
PCT International Application Publication No. WO 2016/

112305, the entire contents of which 1s incorporated by
reference.

In some embodiments, the method further comprises
administering a therapeutically eflect amount of Pioglita-
zone hydrochloride (Actos®) or an enantiopure deuteriums-
enriched pioglitazone.

As used herein, the deuterated pioglitazone contains deu-
terium enrichment at the chiral center of pioglitazone and
optionally 1n other locations 1n the compound. Further, the
deutertum-enriched pioglitazone 1s provided 1n enantiomeri-
cally pure form.

In some embodiments, the deuterium-enriched compound
having an optical purity of at least 75% enantiomeric excess.

Pioglitazone hydrochlonide, the active ingredient of
Actos®, 1s a thiazolidinedione and an agonist for peroxi-
some proliferatoractivated receptor (PPAR) gamma 1indi-
cated as an adjunct to diet and exercise to improve glycemic
control in adults with type 2 diabetes mellitus 1n multiple
climical settings (Actos®, Food and Drug Administration
Approved Labeling (Reference 1D:2983732) J[online],
Takeda Pharmaceuticals, 2009-2011).

The recommended dose and schedule for Actos® 1s 15 mg,
or 30 mg once daily starting dose. If there 1s 1nadequate
glycemic control, the dose can be increased mm 15 mg
increments up to a maximum of 45 mg once daily.
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In some embodiments, the administration of Actos®
comprises 15 mg, 16 mg, 17 mg, 18 mg, 19 mg, 20 mg, 25
mg, 30 mg, 35 mg, 40 mg, or 45 mg or less of Actos®.

The compositions recited hereinabove are described 1n
PCT International Application Publication No. WO 2016/
153948, the entire contents of which 1s 1ncorporated by
reference.

In some embodiments, the method further comprises
administering a therapeutically effect amount of a peroxi-
some proliferator activated receptor (PPAR) delta and
gamma dual agonist.

In some embodiments, the delta activity 1s greater than
gamma activity, and gamma activity 1s greater than alpha
activity.

In some embodiments, the method further comprises
administering a therapeutically effect amount of an indane
acetic acids and their derivatives, which are dual PPAR delta
and gamma agonists.

Exemplary additional therapeutic agents may include, but
are not limited to combination with: farnesoid X receptor
agonists such as obeticholic acid and Px-104, GR-MD-02,
cystecamine bitartrate, simtuzumab, emricasan, GFT-305,
CER-002, KD3010, KD3020, MBXR8025, LUMO02,
RP-103, galectm 3 blockers such as LIPC-1010 and GR-
MD-02, cenicriviroc, vascular adhesion protein-1 inhibitors
such as PXS4728A, metformm PPAR gamma agonists such
as rosiglitazone and pioglitazone, metformin, pentoxyiyl-
line, vitamin E, selenium, omega-3 fatty acids and betaine.

The compositions recited hereinabove are described 1n
PCT International Application Publication No. WO 2016/
154258, the entire contents of which 1s 1ncorporated by
reference.

The embodiments referred to above refer to several drugs
being substantially efiective 1n the body at a same time.
Several drugs can be administered substantially at the same
time, or can be administered at different times but have effect
on the body at the same time. For example, this includes
administering Aramchol before or subsequently, while func-
tioning of Aramchol 1n the body 1s substantially extant.

Thus 1n some embodiments, the method further comprises
administering a therapeutically effect amount of a pharma-
ceutical composition comprising at least one compound
selected from the group consisting of:

cthyl eicosapentanoate (EPA-E), eicosapentaenoic acid
(EPA) and 1ts pharmaceutically acceptable amides, salts,
esters and phospholipids;

an inhibitor of Acetyl-CoA carboxylase (ACC) alone, or
in combination with one or more additional therapeutic
agents;

pioglitazone hydrochloride or an enantiopure deuterium-
enriched pioglitazone; and

a peroxisome proliferator activated receptor (PPAR) delta
and gamma dual agonist.

In some embodiments, additional therapeutic agents are
independently selected from the group consisting of angio-
tensin II receptor antagonists, angiotensin converting
enzyme (ACE) ihibitors, caspase inhibitors, cathepsin B
inhibitors, CCR2 chemokine antagonists, CCRS chemokine
antagonists, chloride channel stimulators, cholesterol solu-
bilizers, diacylglycerol O-acyltransierase 1 (DGAT1) inhibi-
tors, dipeptidyl peptidase IV (DPPIV) mhibitors, farnesoid
X receptor (FXR) agonists such as obeticholic acid and
Px-104, FXR/TGRS5 dual agonists, galectin-3 inhibitors such
as LIPC-1010 and GR-MD-02, glucagon-like peptide
(GLPI) agonists, glutathione precursors, hepatitis C virus
NS3 protease inhibitors, HMG CoA reductase inhibitors, I 1
~-hydroxysteroid dehydrogenase (I I ~-HSD 1) inhibitors,
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IL-I~ antagonists, IL-6 antagonists, IL-I O agonists, IL-I 7
antagonists, 1leal sodium bile acid cotransporter inhibitors,
leptin analogs, 5-lipoxygenase inhibitors, LPL gene stimu-
lators, lysyl oxidase homolog 2 (LOXL2) inhibitors, PDE3
inhibitors, PDE4 inhibitors, phospholipase C (PLC) mhibi-
tors, PPARa agonists, PPAR gamma agonists such as rosigli-
tazone and pioglitazone, metiormin, pentoxyivlline, vitamin
E, selentum, omega-3 fatty acids and betaine, PPARS ago-
nists, Rho associated protein kinase 2 (ROCK?2) 1nhibitors,
sodium glucose transporter-2 (SGLT2) ihibitors, stearoyl
CoA desaturasel inhibitors, thyroid hormone receptor-ago-
nists, tumor necrosis factor a (INFa) ligand inhibitors,

transglutaminase inhibitors, transglutaminase inhibitor pre-
cursors, PTPib inhibitors, ASKI inhibitors, and wvascular

adhesion protein-1 inhibitors such as PXS4728A, met-
formin, GR-MD-02, cysteamine bitartrate, simtuzumab,
emricasan, GFT-505, CER-002, KD3010, KD3020,
MBXR025, LUMO002, RP-103, and cenicriviroc.

The administration of two drugs to treat a given condition,
such as non-alcoholic fatty liver disease (NAFLD), raises a
number of potential problems. In vivo interactions between
two drugs are complex. The eflects of any single drug are
related to its absorption, distribution, and elimination. When
two drugs are itroduced into the body, each drug can aflect
the absorption, distribution, and elimination of the other and
hence, alter the efiects of the other. For nstance, one drug
may 1inhibit, activate or induce the production of enzymes
involved 1n a metabolic route of elimination of the other
drug. (Guidance for Industry, 1999) Thus, when two drugs
are admimstered to treat the same condition, 1t 1s unpredict-
able whether each will complement, have no effect on, or
interfere with the therapeutic activity of the other in a human
subject.

Not only may the interaction between two drugs aflect the
intended therapeutic activity of each drug, but the interac-
tion may increase the levels of toxic metabolites (Guidance
for Industry, 1999). The interaction may also heighten or
lessen the side eflects of each drug. Hence, upon adminis-
tration of two drugs to treat a disease, it 1s unpredictable
what change will occur 1n the negative side effect profile of
cach drug.

Additionally, 1t 1s diflicult to accurately predict when the
cllects of the interaction between the two drugs will become
manifest. For example, metabolic interactions between
drugs may become apparent upon the 1nitial administration
of the second drug, after the two have reached a steady-state
concentration or upon discontinuation of one of the drugs.
(Guidance for Industry, 1999)

It 1s understood that where a parameter range 1s provided,
all integers within that range, and tenths thereof, are also

provided by the mvention. For example, “0.2-5 mg/kg/day™
1s a disclosure of 0.2 mg/kg/day, 0.3 mg/kg/day, 0.4 mg/kg/

day, 0.5 mg/kg/day, 0.6 mg/kg/day etc. up to 5.0 mg/kg/day.

Each embodiment disclosed herein 1s contemplated as
being applicable to each of the other disclosed embodi-
ments. Thus, all combinations of the wvarious elements
described herein are within the scope of the invention.

The following examples are presented in order to more
tully illustrate some embodiments of the invention. They
should, 1n no way be construed, however, as limiting the
broad scope of the invention.

EXAMPLES

Examples are provided below to facilitate a more com-
plete understanding of the invention. The following
examples illustrate the exemplary modes of making and
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practicing the invention. However, the scope of the mven-
tion 1s not limited to specific embodiments disclosed 1n these
Examples, which are for purposes of illustration only.

Example 1—Thioacetamide (TAA)-Induced
Fibrosis—Model for Hepatic Cirrhosis

Liver fibrosis was mnduced 1in Wistar rats by intraperito-
neal injections of TAA (20 mg/100 gr body weight) twice per
week during 10 weeks. I.p. application of TAA results 1n
hepatic centrolobular necrosis, elevated transaminase activ-
ity and robust liver fibrosis. Treatment groups further
included co-administration of Aramchol (1 or 5 mgkg
orally) or obaticholic acid (OCA, 5 mg/kg). A control group
of saline-treated rats (in the absence of TAA administration)
was further included. Rats were then sacrificed, and livers
were observed macroscopically for signs of cirrhosis and
necrotic lesions, and microscopically, following Masson
Goldner staining. The fibrosis score, calculated at a scale of
0-4, was determined for each sample, wherein O indicates no
fibrosis and 4 indicates advanced fibrosis and cirrhosis.

As can be seen 1n FIGS. 1-2, treatment with Aramchol (5
mg/kg) significantly prevented TAA induced fibrosis. The
treatment reduced significantly the development of necrosis
and cirrhosis (FIG. 1), as well as the fibrotic score and
collagen distribution 1 the tissue (FIG. 2), in a dose-
dependent manner. In contradistinction, OCA did not induce
statistically significant reduction in these parameters.

Thus, Aramchol was surprisingly found to be a potent
anti-fibrotic and anti-cirrhotic agent. Aramchol was also
found to be unexpectedly superior to OCA and provide for
improved, effective treatment for liver fibrosis.

Cirrhosis and portal hypertension from TAA intoxication
may eventually lead to the development of acute liver failure
and associated conditions such as hepatic encephalopathy,
and the TAA model 1s also used 1n evaluating these phe-
nomena. Accordingly, as disclosed herein, Aramchol may
also be used 1n some embodiments for preventing acute or
tatal liver failure and/or hepatic or portosystemic encepha-
lopathy, for example toxin-induced liver failure and/or
hepatic encephalopathy.

Example 2—Inhibition of Collagen Synthesis 1in
Stellate Cells

L.X2 cells (150.000 cells per well) were plated in DMEM
media containing antibiotics, glutamine and bovine fetal
serum. After 24 hours incubation, media was changed to 0%
serum and incubated for an additional period of 16 hours.
Then, Aramchol (10 mM) was added and 24 hours later
RNA was extracted with Trizol.

Surprisingly, as can be seen in FIGS. 3 and 4, COL1AI
expression 1n LX-2 human hepatic stellate cells was reduced
by Aramchol via PPARY up-regulation.

Consistently, Aramchol significantly down regulates col-
lagen production 1n LX-2 human hepatic stellate cells rela-
tive to a DMSO control (FIG. 5). Again, Aramchol was
surprisingly found to be eflective 1in reducing the production
of collagen specifically in stellate cells.

Example 3—Aramchol Reduces Established
Fibrosis in a MCD Diet Animal Model

The study described below 1mnvestigates the mechanism of

action of Aramchol and 1ts potential eflect on fibrosis using
the 0.1% methionine- and choline-deficient (0.1 MCD) diet

mouse model of NASH.
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C57Bl/6 were fed the Methionine and Choline Deficient
(MCD) and control diet and were sacrificed after 4 weeks.
The MCD diet induces aminotransierase elevation and
changes in hepatic histological features, characterized by
steatosis, local intlammation, hepatocyte necrosis and fibro-
s1s. These changes occur rapidly and are morphologically
similar to those observed 1n human NASH. In this study the
MCD diet contained 0.1% methionine to minimize and
stabilize weight loss. At the end of the second week, after
verification of established NASH, 0.1 MCD-fed mice were
treated orally by gavage with Aramchol (5 mg/Kg/day) or
vehicle (n=10, each condition). Control diet-fed mice were
also treated with vehicle for same duration (n=10). At the
end of the experiment, blood and liver samples were
obtained.

Results from the study showed: 1) treatment with Aram-
chol significantly down regulates steatosis in the liver (FIG.
6); 2) treatment with Aramchol significantly down regulates/
normalizes infiltration and activation status of macrophages
in the hiver (FIG. 7); 3) treatment with Aramchol signifi-
cantly down regulates/normalizes fibrosis in the liver (FIG.
8); 4) Aramchol significantly down regulates collagen 1n the
liver (FIG. 9); and 5) Aramchol sigmificantly up regulates
glutathione and elevates GSH/GSSG ratio m 0.1% MCD
mice (FIG. 10).

Additionally, Aramchol treatment further reduced SCD1
activity, which was evidenced by a marked decrease in
SCD1 expression, in the FA(16:1)/FA(16:0) ratio and 1n the
total content of monounsaturated FA (MUFA), which led to
a reduction in the hepatic content of diglycerides (DG) and
TG. Aramchol treatment improved oxidative stress, as
shown by the normalization of the GSH/GSSG ratio, a
biomarker of the cellular redox potential, and a marked

reduction in the content of total oxFA including oxLA,
which has been associated with liver injury 1n human
NASH.

The foregoing description of the specific embodiments
will so fully reveal the general nature of the invention that
others can, by applying current knowledge, readily modity
and/or adapt for various applications such specific embodi-
ments without undue experimentation and without departing
from the generic concept, and, therefore, such adaptations
and modifications should and are intended to be compre-
hended within the meaning and range of equivalents of the
disclosed embodiments. It 1s to be understood that the
phraseology or terminology employed herein 1s for the
purpose ol description and not of limitation. The means,
materials, and steps for carrying out various disclosed func-
tions may take a variety of alternative forms without depart-
ing from the mvention.

Example 4

Brief Summary

This 1s a multicenter, Phase IIb, randomized, double blind,
placebo-controlled study designed to evaluate the eflicacy
and safety of two Aramchol doses 1n subjects that are 18 to
75 years of age, with Non-Alcoholic Steatohepatitis
(NASH) confirmed by liver biopsy performed in a period of
6 months before entering the study, with overweight or
obesity and who are pre diabetic or type 11 diabetic.
Intervention

Drug: Aramchol

Subjects will be administered Aramchol as follows:
a. One tablet of Aramchol 400 mg and one tablet of
matching placebo for Aramchol.
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b. One tablet of Aramchol 400 mg and one tablet of
Aramchol 200 mg.

c. Two tablet of Aramchol matching placebo. The tablets
should be taken orally in the morning within 30 min
after breakfiast with a glass of water (250 ml).

Subjects are allowed to omit study drugs up to 3 con-

secutive days during the study.
Other Name: Placebo

Study Arms

Experimental: Aramchol 600 mg
a. One tablet of Aramchol 400 mg and one tablet of

Aramchol 200 mg.

b. Intervention: Drug: Aramchol

Experimental: Aramchol 400 mg

a. One tablet of Aramchol 400 mg and one tablet of
matching placebo for Aramchol.

b. Intervention: Drug: Aramchol

Placebo Comparator: Placebo

a. Two tablet of Aramchol matching placebo.

b. Intervention: Drug: Aramchol

Estimated Enrollment

240
Inclusion Criteria

Male or female age 18 to 75 years.

BMI between 25 kg/m2 to 40 kg/m2 or waist circumier-
ence between 88 cm to 200 cm for women, and between 102
cm to 200 cm for men. If there 1s deviation above the upper
limit, please consult the MRI center, to ensure that the
machine 1s suitable for the patient.

Known type II Diabetes Mellitus or pre-Diabetes accord-
ing to American Diabetes Association. One of the following
3 criteria 1s needed for pre-Diabetes: Fasting Plasma Glu-
cose >100 mg/dl (5.5 mmol/l) or 2hPG following 75 ¢
OGTT >140 (7.8 mmol/l) mg/dl or HbAlc >5.7%. HbAlc
can be repeated at Investigator’s discretion.

Histologically proven Steatohepatitis on a diagnostic liver
biopsy performed either during screening or within 6 months
betore screening visit, confirmed by central laboratory read-
ing of the slides. (Steatosis =1 +inflammation =1+ballooning
=1). Total activity NAS score of 4 or more.

Liver fat concentration in the liver of 5.5% or more as
measured by NMRS.

Biopsies with an activity NAS score of 4 or more.

Normal synthetic liver function (serum albumain >3.2 g/dl,
INR 0.8-1.2, conjugated bilirubin <35 umol/L).

Understanding the nature of the study and signature of the
written informed consent.

Negative pregnancy test at study entry for females of
chuld bearing potential.

Females of child bearing potential practicing reliable
contraception throughout the study period (including oral
contraceptives) as well as negative pregnancy test at study
entry.

Hypertensive patients must be well controlled by stable
dose of anti-hypertensive medication for at least 2 months
prior to screening.

Patients previously treated with vitamin E (>400 IU/day),
Polyunsaturated fatty acid (>2 g/day) or Ursodeoxycholic
acid or fish o1l can be included if stopped or at least
maintained on stable dose at least 3 months prior to diag-
nostic liver biopsy (and are not started during the trial).
These treatments-dosages are allowed 11 they were stable for
at least 12 months prior to biopsy and can remain stable
throughout the study. (Dosages less than the amounts stated
above are allowed without washout- or stable-period restric-
tions).
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For patients with type II Diabetes, glycaemia must be
controlled (Glycosylated Hemoglobin Alc =9%) while any
HbAlc change should not exceed 1.5% during 6 months
prior to enrolment). Treatments with anti-diabetic medica-
tions (except for those mentioned in Exclusion 16) are
permitted 1f glycaemia i1s self-monitored by the patient.
HbAlc can be repeated at Investigator’s discretion.
Exclusion Criteria

Exclusion Criteria:

Patients with other active (acute or chronic) liver disease
other than NASH (e.g. viral hepatitis, unless eradicated at
least 3 years prior to screening; genetic hemochromatosis;
Wilson disease; alpha lantitripsin deficiency; alcohol liver
disease; drug-induced liver disease) at the time of random-
1zation.

Patients with climically or histologically documented liver
cirrhosis

Known alcohol and/or any other drug abuse or depen-
dence 1n the last five vears.

Known history or presence of clinically significant car-
diovascular, gastrointestinal, metabolic other than Diabetes
Mellitus, neurologic, pulmonary, endocrine, psychiatric,
neoplastic disorder or nephrotic syndrome, that in the opin-
ion of the Investigator warrant exclusion from the study.

Patients with familial (i.e., genetic) hypertriglyceridemia
and familial (1.e., genetic) hypercholesterolemia.

History or presence of any disease or condition known to
interfere with the absorption distribution, metabolism or
excretion of drugs including bile salt metabolites (e.g.
inflammatory bowel disease (IBD)), previous intestinal (1l-
cal or colonic) operation, chronic pancreatitis, celiac disease
or previous vagotomy. Ongoing Chronic constipation

Patients with heart or brain pacemaker (1.e., implantable
neurological devices).

Surgery during the last three month before screening
which 1volved stent implantation of metal devices (e.g.
knee, hip etc.)

Weight loss of more than 5% within 6 months prior to
randomization.

History of bariatric surgery within 5 years of liver biopsy.

Uncontrolled arterial hypertension.

Women who are pregnant and breast feeding.

Diabetes Mellitus other than type II (type I, endocrinopa-
thy, genetic syndromes etc.).

Patients with HIV infection.

Daily alcohol intake >20 g/day for women and >30 g/day
for men (on average per day) as per medical history.

Treatment with other anti-diabetic medications: GLP-1
receptor agonists and Thiazolidinediones (TZDs), unless
started at least 12 months prior to biopsy and on stable dose
for 6 months. In case of GLP-1 receptor agonists stopped, 1t
should be at least 6 months before biopsy as per medical
history.

SGLT-2 Inhibitors, Metformin, fibrates, statins, insulin,
DPP-4 inhibitors and sulfonylurea unless prescribed dose
has been stable for the last 6 months prior to the biopsy.

Treatment with Valproic acid, Tamoxifen, Methotrexate,
Amiodarone or chronic treatment with anti-cholinergic
agents, corticosteroids, high dose estrogen and tetracycline
within 12 months prior to the screening visit.

Chronic treatment with antibiotics (e.g. Rifaximin).

Homeopathic and/or alternative treatments. Any treat-
ment should be stopped during the screening period at least
48 hours betfore randomization.
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Uncontrolled hypothyroidism defined as Thyroid Stimu-
lating hormone >2x the upper limit of normal (ULN).

Thyroid dysfunction controlled for at least 6 months prior to
screening 1s permitted.

Patients with renal dysfunction eGFR<40.

Unexplained serum creatine phosphokinase (CPK) >3x
the upper limit of normal (UNL). Patients with a reason for
CPK elevation may have the measurement repeated prior to
randomization; a CPK retest >3xULN leads to exclusion.

Patients with condition(s) that makes them unsuitable to
perform the NMRS (as determined by the PI or the MRI
facility).

Hypersensitivity to Aramchol or to any of the excipients
in the tablets

Hypersensitivity to cholic acid or bile acid sequestrants

DETAILED DESCRIPTION

This 1s a multicenter, Phase IIb, randomized, double blind,
placebo-controlled study designed to evaluate the eflicacy
and safety of two Aramchol doses 1n subjects that are 18 to
75 years of age, with Non-Alcoholic Steatohepatitis
(NASH) confirmed by liver biopsy performed in a period of
6 months before entering the study, with overweight or
obesity and who are pre diabetic or type 11 diabetic.

Eligible subjects will be enrolled into three treatments
arms: Aramchol 400 and 600 mg tablets and placebo tablets
in ratio 2:2:1.

The subjects will be evaluated at study sites for 11
scheduled visits: at screening (visit 1 (weeks —4-0)), baseline
(visit 2 (day 0)), visit 3 (week 2), visit 4 week 4), visit 3
(week 8), visit 6 (week 12), visit 7 (week 24), visit 8 (week
32), visit 9 (week 40) and visit (week 52—(End of Treatment/
carly termination visit)). After completion of the study
treatment period, the subjects will be followed for an addi-
tional period of 13 weeks without study medication (until
visit 11 (week 65)).

During the screening period, the severity of the disease
will be evaluated with blood tests, liver biopsy and NMRS.

During the study the following assessments will be per-
formed:

a. Vital signs will be measured at each study wvisit.

b. A physical examination will be performed at the
screening visit, 24 weeks, End of Treatment/early ter-
mination and week 65 visit.

The following blood tests will be performed: complete
blood count (CBC), serum chemistry (including electrolytes,
liver enzymes, direct and total bilirubin, glucose, lipid
profile which include triglyceride, cholesterol, HDL, LDL
and VLDL, CPK, creatinine, urea, albumin, alkaline phos-

phatase), ESR and urinalysis during the screening wvisit,
baseline, week 2, 4, 8, 24, 40, 52 and 65 (end of follow up)

visits. Serology (HBV, HCV and HIV) will be performed
during the screening visit. Coagulation (fibrinogen, PT/INR,
aPTT) will be measured 1n screening and baseline, week 24,
End of Treatment/early termination and week 65 wvisits.
Insulin (HOMA) will be measured 1n the screening, week 24
and End of Treatment/early termination visits. HbA1C will
be measured in the screening, week 8, 24, 40 and End of
Treatment/early termination visits. C reactive protein, Lep-
tin, Adiponectin, CK-18 (M30 and M65), Ferritin, PAI-1,
IL-6, TNF-alpha, FGF-19, C4 (7-alpha-hydroxy-4-choles-
ten-3-one), pool serum Bile Acids, B-hydroxybutyrate and
Free Fatty Acids will be measured in baseline visit and end
of treatment period. The blood samples taken at these visits,
will be tested for possible biomarkers, including, but not

limited to, Fetuine A and GDF15. TSH, T3 and T4 will be
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measured during the screening visit. beta-hCG 1n women of
childbearing potential will be performed during the screen-
ing visit. A serum sample will be collected and kept frozen
until study end in case special investigation needs to be
performed. This sample will be collected during the screen-
ing and visit 10/Early Termination.

Body weight and waist circumierence will be measured in
screening, baseline, week 24, end of treatment and week 65
visits. Height will be measured during the screening visit.

ECG will be performed during the screening visit, visit 7
(week 24) and end of treatment visits.

All subjects will undergo two NMRS scans, at screening
and end of treatment visits.

FibroMax test will be performed only if the investigator
thinks 1t 1s necessary

Liver biopsy will be conducted during the screening and
end of treatment visit. The biopsy 1n the screening visit will
be performed only 1f 1t was not done within the 6 months
prior to this visit.

Metabolomics blood test will be performed at the screen-
ing, visit 7 and the End-of-Treatment/Early Termination
visits. From some consenting patients (about 15) a sample
from the liver biopsy will be taken for analysis.

Endothelial Function will be conducted 1n selected sites.
The test will be conducted during the baseline visit before
the study treatment will be given and End of Treatment/early
termination visit.

Blood sample for Aramchol trough level will be collected
(pre-dose) from patients 1n Israel at baseline (visit 2) week
4 (visit 4), week 12 (visit 6), week 24 (visit 7), week 40 (visit
9), end of treatment (visit 10) and follow up (visit 11). At
selected sites 1n Mexico, USA and Hong Kong one blood
sample will be collected (pre-dose) on wvisit 4 (up to 10
subjects per country) to test for trough Aramchol blood level
differences between populations (e.g., Alrican American,
Asian, Hispanic).

Blood sample for gene analysis will be taken from all
consenting patients during the baseline visit, will be kept
frozen and analyzed only at the study end.

Life style questionnaire will be completed 1n all visits.

Adverse events will be monitored throughout the study.

Concomitant Medications will be monitored throughout

the study.

Telephone contacts will be performed on week 16, 20, 28,
36, 44 and 48. An interim safety analysis will be conducted
as soon as 120 subjects will completed the follow up period
of 24 weeks under study treatment. An independent DSMB
will analyze the safety data and recommend a continued
course of action. All patients will continue to be treated
under the study protocol until conclusion of the analysis will
be known.

Safety assessment will include frequency and severity of
treatment-emergent AEs, clinically significant laboratory
abnormalities, ECG changes and physical examination find-
ngs.

Results
Primary and Secondary Outcome Measures (400 mg arm)

Treatment with 400 mg of Aramchol significantly reduces
liver triglycerides ratio as measured by Magnetic Resonance
Spectroscopy (MRS).

Treatment with 400 mg of Aramchol reduces liver tri-
glycerides ratio as measured by Magnetic Resonance Spec-
troscopy (MRS) by 10-40%.

Treatment with 400 mg of Aramchol reduces liver ftri-
glycerides ratio as measured by Magnetic Resonance Spec-

troscopy (MRS) by 15%-35%.
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Treatment with 400 mg of Aramchol reduces liver tri-
glycerides ratio as measured by Magnetic Resonance Spec-

troscopy (MRS) by 20%-30%.

Treatment with 400 mg of Aramchol results 1n a signifi-
cantly higher proportion of subjects having fibrosis improve-
ment (1.e. decrease > or =to 1 point) without a worsening of
NASH, compared to subjects treated with a placebo.

Treatment with 400 mg of Aramchol results 1n a signifi-
cantly higher proportion of subjects having fibrosis improve-
ment (1.¢. decrease > or = to 1 point) without a worsening of
NASH, compared to subjects treated with a placebo. The
improvement ratio 1s at least 2 when compared to subjects
treated with a placebo.

Treatment with 400 mg of Aramchol results 1n a signifi-
cantly higher proportion of subjects with NAS Score
improvement (1.e. improvement of at least 2 points) without
worsening of fibrosis score, compared to subjects treated
with a placebo.

Treatment with 400 mg of Aramchol results 1n a signifi-
cantly higher proportion of subjects with SAF Activity score
improvement (1.e. improvement of at least 2 points) without
worsening of fibrosis score, compared to subjects treated
with a placebo.

Treatment with 400 mg of Aramchol results 1n a signifi-
cantly higher proportion of subjects with NASH resolution
(ballooning of 0, inflammation of O or 1) without worsening,
ol fibrosis, compared to subjects treated with a placebo.
Exploratory Outcome Measures (400 mg Arm)

Treatment with 400 mg of Aramchol inhibits worsening of
the subject’s fibrosis score significantly more than what
would be expected based on Aramchol’s eflect on the
subject’s liver triglycerides.

Treatment with 400 mg of Aramchol to subjects afilicted
with hepatic fibrosis improves the subject’s fibrosis score
significantly more than what would be expected based on
Aramchol’s eflect on the subject’s liver triglycerides.

Treatment with 400 mg of Aramchol to subjects afilicted
with stage 1a hepatic fibrosis improves the subject’s fibrosis
score significantly more than the eflect that would be
expected based on Aramchol’s effect on the subject’s liver
triglycerides.

Treatment with 400 mg of Aramchol to subjects afilicted
with stage 1b hepatic fibrosis improves the subject’s fibrosis
score significantly more than the effect that would be
expected based on Aramchol’s effect on the subject’s liver
triglycerides.

Treatment with 400 mg of Aramchol to subjects afilicted
with stage 1c¢ hepatic fibrosis improves the subject’s fibrosis
score significantly more than the eflect that would be
expected based on Aramchol’s effect on the subject’s liver
triglycerides.

Treatment with 400 mg of Aramchol to subjects afilicted
with stage 2 hepatic fibrosis improves the subject’s fibrosis
score significantly more than the eflect that would be
expected based on Aramchol’s effect on the subject’s liver
triglycerides.

Treatment with 400 mg of Aramchol to subjects afilicted
with stage 3 hepatic fibrosis improves the subject’s fibrosis
score significantly more than the effect that would be
expected based on Aramchol’s effect on the subject’s liver
triglycerides.

Treatment with 400 mg of Aramchol to subjects afllicted
with stage 4 hepatic fibrosis improves the subject’s fibrosis
score significantly more than the eflect that would be
expected based on Aramchol’s effect on the subject’s liver
triglycerides.
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Treatment with 400 mg of Aramchol to subjects afilicted
with hepatic fibrosis improves the subject’s SAF score more
than what would be expected based on Aramchol’s eflect on
the subject’s liver triglycerides.

Treatment with 400 mg of Aramchol to subjects afilicted
with hepatic fibrosis results 1n a significantly higher propor-
tion of subjects without worsening of fibrosis score, com-
pared to subjects afllicted with hepatic fibrosis treated with
a placebo.

Treatment with 400 mg of Aramchol to subjects afllicted
with hepatic fibrosis results 1n a significantly higher propor-
tion of subjects having fibrosis improvement (1.e. decrease >
or = to 1 point), compared to subjects afllicted with hepatic
fibrosis treated with a placebo.

Treatment with 400 mg of Aramchol to subjects afilicted
with hepatic fibrosis results 1n a significantly higher propor-
tion of subjects having fibrosis improvement (i.e. decrease >
or =to 1 point) without a worsening of NASH, compared to
subjects afllicted with hepatic fibrosis treated with a placebo.

Treatment with 400 mg of Aramchol to subjects afilicted
with hepatic fibrosis results 1n a significantly higher propor-
tion of subjects having fibrosis improvement (i.e. decrease >
or =to 1 point) without a worsening of NASH, compared to
subjects treated with a placebo. The improvement ratio 1s at
least 2 when compared to subjects afllicted with hepatic
fibrosis treated with a placebo.

Treatment with 400 mg of Aramchol results 1n a signifi-
cantly higher proportion of subjects with NAS Score
improvement (1.¢. improvement of at least 2 points) com-
pared to subjects afllicted with hepatic fibrosis treated with
a placebo.

Treatment with 400 mg of Aramchol results in a signifi-
cantly higher proportion of subjects with NAS Score
improvement (1.e. improvement of at least 2 points) without
worsening of fibrosis score, compared to subjects afllicted
with hepatic fibrosis treated with a placebo.

Treatment with 400 mg of Aramchol to subjects afllicted
with hepatic fibrosis results 1n a significantly higher propor-
tion of subjects with SAF Activity score improvement (1.¢.
improvement of at least 2 points) compared to subjects
aillicted with hepatic fibrosis treated with a placebo.

Treatment with 400 mg of Aramchol to subjects afilicted
with hepatic fibrosis results 1n a significantly higher propor-
tion of subjects with SAF Activity score improvement (1.¢.
improvement of at least 2 points) without worsening of
fibrosis score, compared to subjects afllicted with hepatic
fibrosis treated with a placebo.

Treatment with 400 mg of Aramchol to subjects afllicted
with hepatic fibrosis results 1n a significantly higher propor-
tion of subjects with NASH resolution (ballooning of O,
inflammation of 0 or 1) compared to subjects afllicted with
hepatic fibrosis treated with a placebo.

Treatment with 400 mg of Aramchol to subjects afilicted
with hepatic fibrosis results 1n a significantly higher propor-
tion of subjects with NASH resolution (ballooning of O,
inflammation of O or 1) without worsenming of fibrosis,
compared to subjects afllicted with hepatic fibrosis treated
with a placebo.

Treatment with 400 mg of Aramchol to subjects not
aillicted with hepatic fibrosis results in a significantly higher
proportion of subjects without worsening of fibrosis score,
compared to subjects not afflicted with hepatic fibrosis
treated with a placebo.

Treatment with 400 mg of Aramchol results in a signifi-
cantly higher proportion of subjects with NAS Score
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improvement (1.e. improvement of at least 2 points) com-
pared to subjects not afilicted with hepatic fibrosis treated
with a placebo.

Treatment with 400 mg of Aramchol results 1n a signifi-
cantly higher proportion of subjects with NAS Score
improvement (1.e. improvement of at least 2 points) without
worsening of fibrosis score, compared to subjects not
afllicted with hepatic fibrosis treated with a placebo.

Treatment with 400 mg of Aramchol to subjects not
afllicted with hepatic fibrosis results in a significantly higher
proportion of subjects with SAF Activity score improvement
(1.e. improvement of at least 2 points) compared to subjects
not afflicted with hepatic fibrosis treated with a placebo.

Treatment with 400 mg of Aramchol to subjects not
afllicted with hepatic fibrosis results 1n a significantly higher
proportion of subjects with SAF Activity score improvement
(1.e. improvement of at least 2 points) without worsening of
fibrosis score, compared to subjects not afllicted with hepatic
fibrosis treated with a placebo.

Treatment with 400 mg of Aramchol to subjects not
afllicted with hepatic fibrosis results in a significantly higher
proportion of subjects with NASH resolution (ballooning of
0, inflammation of O or 1) compared to subjects not atilicted
with hepatic fibrosis treated with a placebo.

Treatment with 400 mg of Aramchol to subjects not
afllicted with hepatic fibrosis results 1n a significantly higher
proportion of subjects with NASH resolution (ballooning of
0, inflammation of O or 1) without worsening of fibrosis,
compared to subjects not afllicted with hepatic fibrosis
treated with a placebo.

Primary and Secondary Outcome Measures (600 mg Arm)

Treatment with 600 mg of Aramchol significantly reduces
liver triglycerides ratio as measured by Magnetic Resonance
Spectroscopy (MRS).

Treatment with 600 mg of Aramchol reduces liver tri-
glycerides ratio as measured by Magnetic Resonance Spec-
troscopy (MRS) by 10-40%.

Treatment with 600 mg of Aramchol reduces liver tri-
glycerides ratio as measured by Magnetic Resonance Spec-
troscopy (MRS) by 15%-35%.

Treatment with 600 mg of Aramchol reduces liver tri-
glycerides ratio as measured by Magnetic Resonance Spec-
troscopy (MRS) by 20%-30%.

Treatment with 600 mg of Aramchol results 1n a signifi-
cantly higher proportion of subjects having fibrosis improve-
ment (1.¢. decrease > or =to 1 point) without a worsening of
NASH, compared to subjects treated with a placebo.

Treatment with 600 mg of Aramchol results 1n a signifi-
cantly higher proportion of subjects having fibrosis improve-
ment (1.e. decrease > or = to 1 point) without a worsening of
NASH, compared to subjects treated with a placebo. The
improvement ratio 1s at least 2 when compared to subjects
treated with a placebo.

Treatment with 600 mg of Aramchol results 1n a signifi-
cantly higher proportion of subjects with NAS Score
improvement (1.e. improvement of at least 2 points) without
worsening of fibrosis score, compared to subjects treated
with a placebo.

Treatment with 600 mg of Aramchol results 1n a signifi-
cantly higher proportion of subjects with SAF Activity score
improvement (1.e. improvement of at least 2 points) without
worsening of fibrosis score, compared to subjects treated
with a placebo.

Treatment with 600 mg of Aramchol results 1n a signifi-
cantly higher proportion of subjects with NASH resolution
(ballooning of 0, inflammation of O or 1) without worsening,
of fibrosis, compared to subjects treated with a placebo.
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Exploratory Outcome Measures (600 mg Arm)

Treatment with 600 mg of Aramchol inhibits worsening of
the subject’s fibrosis score sigmificantly more than what
would be expected based on Aramchol’s eflect on the
subject’s liver triglycerides.

Treatment with 600 mg of Aramchol to subjects afllicted
with hepatic fibrosis improves the subject’s fibrosis score
significantly more than what would be expected based on
Aramchol’s effect on the subject’s liver triglycerides.

Treatment with 600 mg of Aramchol to subjects afllicted
with stage 1a hepatic fibrosis improves the subject’s fibrosis
score significantly more than the effect that would be
expected based on Aramchol’s effect on the subject’s liver
triglycerides.

Treatment with 600 mg of Aramchol to subjects afilicted
with stage 1b hepatic fibrosis improves the subject’s fibrosis
score significantly more than the effect that would be
expected based on Aramchol’s effect on the subject’s liver
triglycerides.

Treatment with 600 mg of Aramchol to subjects afllicted
with stage 1c¢ hepatic fibrosis improves the subject’s fibrosis
score significantly more than the eflect that would be
expected based on Aramchol’s effect on the subject’s liver
triglycerides.

Treatment with 600 mg of Aramchol to subjects afllicted
with stage 2 hepatic fibrosis improves the subject’s fibrosis
score significantly more than the eflect that would be
expected based on Aramchol’s effect on the subject’s liver
triglycerides.

Treatment with 600 mg of Aramchol to subjects afllicted
with stage 3 hepatic fibrosis improves the subject’s fibrosis
score significantly more than the effect that would be
expected based on Aramchol’s effect on the subject’s liver
triglycerides.

Treatment with 600 mg of Aramchol to subjects afllicted
with stage 4 hepatic fibrosis improves the subject’s fibrosis
score significantly more than the eflect that would be
expected based on Aramchol’s effect on the subject’s liver
triglycerides.

Treatment with 600 mg of Aramchol to subjects afilicted
with hepatic fibrosis improves the subject’s SAF score more
than what would be expected based on Aramchol’s effect on
the subject’s liver triglycerides.

Treatment with 600 mg of Aramchol to subjects afilicted
with hepatic fibrosis results 1n a significantly higher propor-
tion of subjects without worsening of fibrosis score, com-
pared to subjects afllicted with hepatic fibrosis treated with
a placebo.

Treatment with 600 mg of Aramchol to subjects afllicted
with hepatic fibrosis results 1n a significantly higher propor-
tion of subjects having fibrosis improvement (i.e. decrease >
or = to 1 point), compared to subjects afllicted with hepatic
fibrosis treated with a placebo.

Treatment with 600 mg of Aramchol to subjects afilicted
with hepatic fibrosis results 1n a significantly higher propor-
tion of subjects having fibrosis improvement (1.e. decrease >
or =to 1 point) without a worsening of NASH, compared to
subjects afllicted with hepatic fibrosis treated with a placebo.

Treatment with 600 mg of Aramchol to subjects afllicted
with hepatic fibrosis results 1n a significantly higher propor-
tion of subjects having fibrosis improvement (i.e. decrease >
or =to 1 point) without a worsening of NASH, compared to
subjects treated with a placebo. The improvement ratio 1s at
least 2 when compared to subjects afllicted with hepatic
fibrosis treated with a placebo.

Treatment with 600 mg of Aramchol results in a signifi-
cantly higher proportion of subjects with NAS Score
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improvement (1.e. improvement of at least 2 points) com-
pared to subjects afllicted with hepatic fibrosis treated with
a placebo.

Treatment with 600 mg of Aramchol results 1n a signifi-
cantly higher proportion of subjects with NAS Score
improvement (1.e. improvement of at least 2 points) without
worsening of fibrosis score, compared to subjects atllicted
with hepatic fibrosis treated with a placebo.

Treatment with 600 mg of Aramchol to subjects afilicted
with hepatic fibrosis results 1n a significantly higher propor-
tion of subjects with SAF Activity score improvement (1.¢.
improvement of at least 2 points) compared to subjects
afllicted with hepatic fibrosis treated with a placebo.

Treatment with 600 mg of Aramchol to subjects afilicted
with hepatic fibrosis results 1n a significantly higher propor-
tion of subjects with SAF Activity score improvement (1.¢.
improvement of at least 2 points) without worsening of
fibrosis score, compared to subjects afllicted with hepatic
fibrosis treated with a placebo.

Treatment with 600 mg of Aramchol to subjects afilicted
with hepatic fibrosis results 1n a significantly higher propor-
tion ol subjects with NASH resolution (ballooning of O,
inflammation of O or 1) compared to subjects atilicted with
hepatic fibrosis treated with a placebo.

Treatment with 600 mg of Aramchol to subjects afilicted
with hepatic fibrosis results 1n a significantly higher propor-
tion of subjects with NASH resolution (ballooning of O,
inflammation of O or 1) without worsenming of fibrosis,
compared to subjects afilicted with hepatic fibrosis treated
with a placebo.

Treatment with 600 mg of Aramchol to subjects not
afllicted with hepatic fibrosis results in a significantly higher
proportion of subjects without worsening of fibrosis score,
compared to subjects not afllicted with hepatic fibrosis
treated with a placebo.

Treatment with 600 mg of Aramchol results 1n a signifi-
cantly higher proportion of subjects with NAS Score
improvement (1.e. improvement of at least 2 points) com-
pared to subjects not afflicted with hepatic fibrosis treated
with a placebo.

Treatment with 600 mg of Aramchol results 1n a signifi-
cantly higher proportion of subjects with NAS Score
improvement (1.e. improvement of at least 2 points) without
worsening of fibrosis score, compared to subjects not
afllicted with hepatic fibrosis treated with a placebo.

Treatment with 600 mg of Aramchol to subjects not
afllicted with hepatic fibrosis results in a significantly higher
proportion of subjects with SAF Activity score improvement
(1.e. improvement of at least 2 points) compared to subjects
not afilicted with hepatic fibrosis treated with a placebo.

Treatment with 600 mg of Aramchol to subjects not
afllicted with hepatic fibrosis results in a significantly higher
proportion of subjects with SAF Activity score improvement
(1.e. improvement of at least 2 points) without worsening of
fibrosis score, compared to subjects not afllicted with hepatic
fibrosis treated with a placebo.

Treatment with 600 mg of Aramchol to subjects not
afllicted with hepatic fibrosis results 1n a significantly higher
proportion of subjects with NASH resolution (ballooning of
0, inflammation of O or 1) compared to subjects not afilicted
with hepatic fibrosis treated with a placebo.

Treatment with 600 mg of Aramchol to subjects not
afllicted with hepatic fibrosis results in a significantly higher
proportion of subjects with NASH resolution (ballooning of
0, inflammation of 0 or 1) without worsening of fibrosis,
compared to subjects not afllicted with hepatic fibrosis
treated with a placebo.
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Discussion

Based on studies described herein, Aramchol 1s surpris-
ingly found to be a potent anti-fibrotic and anti-cirrhotic
agent. Aramchol 1s also found to be unexpectedly superior to
OCA and provides improved, eflective treatment for liver
fibrosis. Accordingly, Aramchol may be used to prevent
acute or fatal liver failure and/or hepatic or portosystemic
encephalopathy, for example toxin-induced liver failure
and/or hepatic encephalopathy.

Furthermore, Aramchol 1s also surprisingly found to be
cllective 1n reversing established fibrosis. Aramchol treat-
ment improves liver histology as determined by a reduction

of lipid accumulation (Sudan red staiming), fibrosis (Sirius
red and SMA staining) and inflammation (F4/80 and CD64
staining). Indeed, Aramchol has an eflect on {fibrosis 1n
addition to main pathologles of NASH, namely steatosis and
inflammation.

Results presented herein show that Aramchol down-regu-
lates collagen production from human stellate cells, the
ellects of Aramchol are mediated through down regulation
of SCD 1 and up regulation of glutathione production, and
the eflect of Aramchol on fibrosis 1s mediated via down
regulation of steatosis and inflammation as well as directly
via down regulation of collagen production from stellate
cells. Taken together, information herein supports the effects
of Aramchol in human patients as set forth 1n the claims.

Results analogous to those of Example 4 for 400 mg or
600 mg doses are expected for higher doses of Aramchol that
are recited herein.

What 1s claimed 1s:

1. A method of treating hepatic fibrosis in a human subject
afllicted with hepatic fibrosis, comprising administering to
the subject greater than 300 mg per day of a 3-arachidy-
lamido-7¢., 12a-dihydroxy-5f-cholan-24-oic acid (Aram-
chol), or a pharmaceutically acceptable salt thereof, wherein
the treatment of hepatic fibrosis comprises down regulation
of collagen production 1n the liver of said subject, thereby
treating hepatic fibrosis 1n said subject; and wherein the
hepatic fibrosis being caused by contact with a hepatotoxic
chemical substance or by mechanical obstruction, malnutri-
tion, hemochromatosis, passive congestion, exposure to
poisons or toxins, exposure to drugs, immune reactions,
genetically determined sensitivities to a certain substance,
infections, syphilis, autormmune hepatitis, toxin-induced
hepatitis, storage or metabolism hepatic disorders, congeni-
tal hepatic fibrosis, primary biliary cirrhosis, drug-induced
hepatitis, parasitic hepatitis, primary sclerosing cholangitis,
Budd-Chiari syndrome, hepatic veno-occlusive disease, por-
tal vein thrombosis, or scarring due to prior liver surgery, or
wherein said fibrosis 1s manifested by portal hypertension
and/or hepatic cirrhosis, and wherein the hepatic fibrosis 1s
associated with a disorder other than non-alcoholic fatty
liver disease and/or non-alcoholic steatohepatitis.

2. The method of claim 1, wherein 400 mg, 600 mg or 800
mg of Aramchol 1s administered to the subject per day.

3. The method of claim 1 wherein the Aramchol 1s
administered with water, or at the same time as, or within 30
minutes of a meal;

wherein the meal 1s breakfast, lunch, or dinner, or
wherein the meal 1s a high fat meal or a high calorie meal.

4. The method of claam 1, wherein the Aramchol 1s
administered over the course of at least 40 weeks, at least 52
weeks, at least 72 weeks, at least 96 weeks, at least 2 years,
at least 3 years, or at least 4 years.

5. The method of claim 1, wherein the human subject has
a diet that 1s high fat and high calorie; and/or

1s resistant to lifestyle itervention

or 1s resistant to diet itervention.

5

10

15

20

25

30

35

40

45

50

55

60

65

32

6. The method of claim 1, further comprising administer-
ing a therapeutically eflect amount of a pharmaceutical
composition comprising at least one compound selected
from the group consisting of:

a) ethyl eicosapentanoate (EPA-E), eicosapentaenoic acid
(EPA) and its pharmaceutically acceptable amides,

salts, esters and phospholipids;

b) an inhibitor of Acetyl-CoA carboxylase (ACC) alone,
or in combination with one or more additional thera-
peutic agents;

¢) piroglitazone hydrochloride or an enantiopure deute-
rium-enriched pioglitazone;

d) a peroxisome proliferator activated receptor (PPAR)
delta and gamma dual agonists; and

¢) angiotensin II receptor antagonists, angiotensin con-
verting enzyme (ACE) inhibitors, caspase inhibitors,
cathepsin B inhibitors, CCR2 chemokine antagonists,
CCR5 chemokine antagonists, chloride channel stimu-
lators, cholesterol solubilizers, diacylglycerol O-acyl-
transierase 1 (DGAT1) inhibitors, dipeptidyl peptidase
IV (DPPIV) inhibitors, farmesoid X receptor (FXR)
agonists, FXR/TGRS5 dual agonists, galectin-3 inhibi-
tors, LIPC-1010, glucagon-like peptide (GLPI) ago-
nists, glutathione precursors, hepatitis C virus NS3
protease inhibitors, HMG CoA reductase inhibitors,
11-hydroxysteroid dehydrogenase (11-HSD-1) inhibi-
tors, IL-1 antagonists, IL-6 antagonists, IL.-10 agonists,
IL-17 antagonists, 1leal sodium bile acid cotransporter
inhibitors, 5 lipoxygenase nhibitors, LPL gene stimu-
lators, lysyl oxidase homolog 2 (LOXL2) inhibitors,
PDE3 1inhibitors, PDE4 inhibitors, phospholipase C
(PLC) 1nhibitors, PPARa agonists, PPAR gamma ago-
nists, metformin, pentoxyiylline, vitamin E, selenium,
omega-3 fatty acids and betaine, PPAR delta agonists,
Rho associated protein kinase 2 (ROCK?2) inhibitors,
sodium glucose transporter-2 (SGLI2) inhibitors,
stearoyl CoA desaturase 1 inhibitors, thyroid hormone
receptor beta agonists, tumor necrosis factor a (TNFa)
ligand inhibitors, transglutaminase inhibitors, transglu-
taminase inhibitor precursors, PTPib inhibitors, ASKI
inhibitors, and vascular adhesion protein-1 inhibitors,

PXS4728A, metlformin, cysteamine  bitartrate,
simtuzumab and LUMOO02,
wherein

i1 said at least one compound 1s a CCR2 chemokine
antagonist then said hepatic fibrosis 1s caused by any
one of:
contact with a hepatotoxic chemical substance or by
mechanical obstruction, malnutrition, hemochroma-
tosis, passive congestion, exposure to poisons or
toxins, exposure to drugs, immune reactions, geneti-
cally determined sensitivities to a certain substance,
syphilis, congenital hepatic fibrosis, Budd-Chiari
syndrome, hepatic veno-occlusive disease, portal
vein thrombosis, or scarring due to prior liver sur-
gery, or wherein said fibrosis 1s manifested by portal
hypertension and/or hepatic cirrhosis.

7. The method of claim 1, wherein said infection 1s
selected from the group consisting of: bacterial infection,
viral infection and parasitic infection.

8. The method of claim 7, wherein said viral infection 1s
viral hepatitis.

9. The method of claim 6, wherein said farnesoid X
receptor (FXR) agonists are selected from obeticholic acid

and Px-104.
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10. The method of claim 6, wherein said galectin-3
inhibitors 1s GR-MD-02.

11. The method of claim 6, wherein said PPAR gamma
agonists are selected from rosiglitazone and pioglitazone.

12. The method of claim 6, wherein said PPAR gamma/ 5
delta agonist 1s GFT-305.

13. The method of claam 6, wherein said PPAR delta
agonist 1s selected from the group consisting of: CER-002,
MBX-8025, KD3010 and KID3020.

14. The method of claim 6, wherein said CCR2 or CCR5 10
chemokine antagonist 1s cenicriviroc.
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